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4. Distribution of Animal Populations in Relation to. the 
Hydrography of the Japan Sea 

In the preceding chapter, several prominent features of animal distribution in 
the Japan Sea were enumerated. Though they w,.re discussed in that chapter rather 
topically and separately from one another, most of them must be naturally closely 
related to one another or they might only represent different aspects of the same 
phenomena. In this chapter, then, some efforts will be made to integrate them in 
close reference to the dynamic processes taking place in the hydrographic and 
meteorological environments and to find out any physical mechanisms principally 
controlling the distributional phenom.na of animal populations in the Japan Sea. 


1) Conributions from the Seto Marine Biological Laboratory, No. 508. 


Publ. Seto Mar. Biol. Lab., XVII (2), 67-142, 1969. (Article 4) 
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4.1. The Oceanographic Structure and Animal Communities 

Since the middle of the 18th century, numerous hydrographic observations have 
been made in the Japan Sea; and today this marginal sea may safely be accepted as 
one of the seas surveyed most comprehensively on the earth. Based on the data thus 
accumulated, not a few authors have so far presented their opinions on the oceanogra¬ 
phic structure of this sea, i.e., in other words, the discrimination of water masses and 
their relative situations within the basin of the Japan Sea. Among such authors are 
reckoned Suda (1929), Suda et al. (1930-33), Uda (1934a, 1934b, 1936), Leonov 
(1948), Miyazaki (1953), Akagawa (1954), Miyazaki & Abe (1960), Rad- 
zikhovskaya (1961), etc. Their conclusions agree generally with one another on 
broad lines, but differ significantly in several important points. Such differences 



Fig. 31. Average surface temperature (left, in °C) and salinity (right, in °/oc) in winter. 
The broken line in the northern region indicates the southern limit of sea ice. 


are due principally to the regional or seasonal limitation of the data available to 
those authors. Making reference to all of these previous conclusions and further 
consulting with the original data, a proposal of distinguishing between the water masses 
of the Japan Sea is here made in a somewhat simplified manner, "but to see the 
dynamic structure of the shallow layer in particular detail in a hope to clear the 
physical factors affecting the distributions of the shallow-water animal populations 
best studied in this marginal sea (cf. Chapter 3). 

In the discussion to follow, the winter and summer conditions will be mentioned 
separately, as the hydrographic condition in the Japan Sea differs so much between 
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the two seasons; the spring and autumnal conditions, on the other hand, are not only 
intermediate or transitional between those two extreme conditions but also they are 
maintained respectively for a shorter time. 

As readily seen in Figs. 31 and 32 which illustrate schematically the winter hydro- 
graphic condition of the Japan Sea, the main region of this sea in the winter season 
can be considered on the first approximation consisting of two major layers of distinct 



Fig. 32. Average vertical distributions of temperature (above, in °C) and salinity (below, 
in %o) in the upper 500 m of a section through Noto Peninsula, middle Honshu, and 
Cape Povorotnyi, southern Maritime Province, in winter. Thick arrows indicate the 
approximate position of the Polar Front. 

water systems, i.e., the upper and lower layers. The upper layer water is confined to 
the shallower levels of the region south of the subarctic convergence or the Polar Front 
that runs across the present marginal sea from off the southeast coast of Korean 
Peninsula to the west entrance of the Tsugaru Straits, and its temperature and salinity 
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changes, though considerable in range, are rather gradual within its domain. This 
water is to be called the Upper Water for the time being. The lower layer water, on 
the other hand, is not only underlying the Upper Water in the southern region but also 
found throughout the strata from the surface to bottom in the region north of the 
Polar Front; and it may be subdivided into two parts according to the geographical 
and hydrological differentiation: one is the water mass occupying the shallow levels 
of the zone just adjacent to the north of the Polar Front but penetrating into the layer 
just below the Upper Water south of the Front and characterized by a significant range 
of temperature variation, and the other water mass, characterized by almost homoge¬ 
neous temperature and salinity, is extending in the northwestern- and northernmost 
regions of the sea throughout the whole strata from the surface to bottom but toward 
the southeast being progressively confined to the deeper levels. Provisionally, the 
former is called here the Southern Lower Water and the latter the Northern Lower Water. 
According to the views of some previous authors, the Northern Lower Water seems 
further to be divided into two subtypes, i.e., the Deep Water and the Bottom Water. 

The above-mentioned classification of the winter water systems in the Japan Sea 
and the hydrographic characteristics and spatial distribution of respective water 
masses thus discriminated are summarized as follows (abbreviations for text-figures 
are shown in parentheses): 

1. Upper Water system 

la. Upper Water (Tw) .... 7-13°C, 34.05-34.35%e S; surface to ca. 150— 
200 m in the southeastern region excluding the area off the western 
part of San’in District of west Honshu (for the situation in the latter 
area, see below, pp. 74-75). 

2. Lower Water system 

2a. Southern Lower Water (Li) .... 1-7°C, 34.00-34.05 °/oo S; ca. 200 to 
ca. 250 m in the southeastern region, surface to ca. 200 m in the central 
region. 

2b. Northern Lower Water (Ln) .... <1°C, >34.05 %o S; ca. 300 m to 
bottom in the southeastern and central regions, surface to bottom in 
the northwestern and northern regions; two subtypes discernible: 
f Deep Water (D) .... 0.3-1 °C, 34.05-34.10^ S. 

(Bottom Water (B) .... 0.1-0.2°C, 34.15 %o S. 

As to the summer condition, the hydrographic features ol which are schematically 
shown in Figs. 33 and 34, the following three major water systems are recognizable: 
the Superficial Water 2) , the Upper Water and the Lower Water. The Superficial Water, 

2) The term Surface Water is avoided here, because firstly some authors ( e.g ., Radzikhovskaya 1961) 
have ever defined this term to comprize the Upper Water of my definition as well as the Superficial 
Water together, and secondly the superficial water of the surface layer of the Japan Sea differs 
significantly from the surface layer water of the open ocean, which is usually rather homogeneous 
up to the very surface, in that it is greatly diluted by the drainage from land (see below, pp. 93-94). 
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quite distinct from the last two, is remarkably developed in the summer season to 
cover the whole Japan Sea. After the opinions of many previous authors, this water 
is divided into the Southeast Superficial Water (or the Superficial Water of the Warm Tsu¬ 
shima Current Region) and the Northwest Superficial Water (or the Superficial Water of the 
Cold Liman Current Region ), though the distinction is not always very clear. Due to the 
extension of this relatively homogeneous Superficial Water nearly over the whole area 



Fig. 34. Average vertical distributions of temperature (above, in °C) and salinity (below, 
in %o) in the upper 500 m of a section through Noto Peninsula, middle Honshu, and 
Cape Povorotnyi, southern Maritime Province, in summer. Thick arrows indicate 
the approximate position of the Polar Front. 

of the sea, the distribution of surface water temperature and salinity assumes each 
a rather flat pattern in the main region of the sea (Fig. 33a), though the Polar Front is 
retained markedly at the 50 m layer (Fig. 33£>) and distinctly separating the south¬ 
eastern and northwestern regions as in the winter season. The summer Upper Water, 
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which is generally confined to the shallower levels in the region south of the Polar Front 
as is the winter Upper Water, is composed of two distinct parts: one is the so-called 
Core Water of the Warm Tsushima Current derived from the NW Pacific Central Water 
and the other is the Japan Sea Central Water (Miyazaki & Abe 1960), the latter 
seemingly corresponding in its essence to the core water of the Upper Water of the 
winter season which has persisted till summer. Lastly, the Lower Water of the 
summer season which underlies the Upper Water consists of three parts: the first is the 
so-called Intermediate Water probably corresponding to the core water or slightly 
modified one of the Southern Lower Water of the winter season which has persisted 
till summer and penetrating down to immediately below the Upper Water in the 
southeast region from below the Superficial Water in the northwest region, the 
second is the Deep Water and the last the Bottom Water. The last two water masses 
are highly stable in temperature and salinity characteristics and persist in the 
deeper levels of the sea, without any significant seasonal variation. 

Thus, the water systems and masses in the summer condition together with 
their hydrographic characteristics and spatial distribution are summarized as follows 
(abbreviations for text-figures in parentheses): 

1. Superficial Water system 

la. Southeast Superficial Water (Ts) .... 21-28°C, 33.0-34.1% 0 S; surface 

to ca. 50-100 m deep in the south and inshore, but less in the north 
and offshore. 

lb. Northwest Superficial Water (Ls) .... 13-21°C, 32.0-33.5%e S; surface 

to ca. 10-30 m. 

2. Upper Water system 

2a. Tsushima Current Core Water (Tm) .... 14-17°C, 34.4-34.7 foo S; 
ca. 50-100 to ca. 120-150 m, generally thicker and deeper in the 
south, but thinner and shallower in the north. 

2b. Japan Sea Central Water (Tc) .... 9-ll°C, 34.1-34.3%o S; ca. 150 to 
ca. 200 m, shallowing offshore. 

3. Lower Water system 


3a. Intermediate Water (I) .... 3—4'°C, 33.90-34.05 °/oo S; ca. 200 to 
ca. 300 m in the southeastern region, ca. 50 to ca. 150 m in the 
northwestern region. 



Deep Water (D) .... 0.3-1 °C, 34.05-34. 10foo S; ca. 400 to ca. 600-800 m 
in the southeastern region, ca. 200 to ca. 400-500 m in the north¬ 
western region. 

Bottom Water (B) .... 0.1-0.2°C, 34.10-34.1 5°/oo S; ca. 500-1000 m 
to bottom throughout the sea. 


In Fig. 35, ranges of these water masses are projected on the T-S diagram charac¬ 
terizing several representative areas of the Japan Sea. As noted easily, most of these 
water masses may generally be discernible by temperature difference alone, without 
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reference to salinity at all. It is also noted on the winter T-S diagram (Fig. 35 b) 
that, in addition to the three water masses mentioned previously (p. 70), there occurs 
another water mass slightly warmer and a little more haline than the normal Upper 
Water (Tw) on the continental shelf off the west part of San’in District of Honshu 
in the cold season; and actually a more or less distinct convergence is formed 
between it and the normal Upper Water mass there (cf. Fig. 31). That water mass 
is considered to represent a peripheral portion of the NW Pacific Central Water that 
ever flows into the Japan Sea in the winter season, the period of the minimum inflow 
of the warm current into the sea. This water mass may be included in the Upper 



Fig. 35. T-S diagrams of different water masses in the Japan Sea in summer (a) and 
winter ( b) seasons, together with representative sigma-C surfaces. 

Thicker lines are the representative T-S curves respectively observed off the west part 
of San’in District (0), off the west coast of middle Honshu (1), off the west coast of 
northern Honshu (2), off the east coast of Korea (3), and off the Maritime coast (4). 

Ts is the sign for the Southeast Superficial Water, Ls for the Northwest Superficial 
Water, Tm for the Tsushima Current Core Water, Tm’ for the Peripheral Northwest 
Pacific Central Water, Tw for the Upper Water, Tc for the Japan Sea Central Water, 
Li for the Southern Lower Water, I for the Intermediate Water, Ln for the Northern 
Lower Water, D for the Deep Water, and B for the Bottom Water. 





Zoogeographical Aspects of the Japan Sea Part V 


75 


Water system of the winter condition but must be treated separately from another 
component .of the system under the name Peripheral NW Pacific Central Water 
(abbreviation in text-figures, Tm’; 13-15°C, 34.4^34.6%o S). 

Summarizing the characteristics of respective water masses and their distribution 
mentioned so far, Figs. 36 a, b are prepared to show schematically the oceanographic 
structures of the Japan Sea in the winter and summer seasons, respectively. The most 
important feature seen in these figures is that in both seasons, and resultantly in all 
probability throughout the year, the Polar Front is maintained very clearly in this 
marginal sea almost constantly. In winter, the Upper Water faces directly the atmos¬ 
phere and the Polar Front is discernible very clearly on the sea surface. In summer, 
however, the Upper Water is sandwiched in between the Superficial Water and the 
Lower Water, thus, the Polar Front becomes obscure on the sea surface though 
invariably distinctive in subsurface layers. 

Of those water masses mentioned above, the Northern Lower Water deserves a special attention, 
because it is distinctly colder, less haline and much more oxygenated than the corresponding Deep and 
Bottom Water masses of the Pacific. Evidently, the Northern Lower Water is formed within the 
Japan Sea (authigenic) and the permanent maintenance of its hydrographic distinctiveness is due to 
the complete isolation of the deep basin of the Japan Sea from the Pacific. As to the mechanism 
and place of formation of the Northern Lower Water, there is a famous supposition by Suda (1932) 
that this water of high density may be formed by midwinter cooling and salinity concentration due 
to freezing (hence, this is a primary water) in the northwestern region of the Japan Sea along the conti¬ 
nent from the Tartary (Mamiya) Straits to Peter the Great Bay, sink down to the deeper levels, and 
follow slowly the large scale anti-clockwise flows along the isothermal (precisely, isentropic or the 
same density) planes deeper than 1000 m. It is explicitly implied that on account of the addition of 
this cold haline water to the Bottom Water every winter an equal quantity of the latter must be removed 
to shallower levels to become through a mixing process the so-called Deep Water, a secondary water 
which will further be mixed with the overlying water masses and eventually be dissipated away. This 
process is schematically shown in Fig. 37 on p. 84 of this paper. 

Detailed discussions on the mechanisms, places of formation and routes of dispersal of the other 
water masses are beyond the scope of this paper, but some points of them are outlined here in the 
following table. 

Winter water masses: 

I. Authigenic primary water.Upper Water; Southern Lower Water; Bottom 

Water. 

II. Authigenic secondary water.Deep Water. 

III. Allothigenic primary water.Peripheral NW Pacific Central Water. 

Summer water masses: 

I. Authigenic primary water.Northwest Superficial Water (cf. p. 94); Bottom Water 

(persisting from winter). 

II. Authigenic secondary water.Japan Sea Central Water (formed mainly through 

mixing within the winter Upper Water mass); Intermediate Water (formed through 
mixing within the winter Southern Lower Water mass and addition of cold and 
diluted water from thawing); Deep Water. 

III. Allothigenic primary water.Southeast Superficial Water. 

IV. Allothigenic secondary water.Tsushima Current Core Water (formed mainly 

through mixing within the NW Pacific Central Water mass). 
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Fig. 36a. Block diagram showing the distributions of water masses in the Japan Sea in winter, with 
three sections respectively from Niigata in Hokuriku District, middle Honshu, to the southern 
part of Peter the Great Bay in southern Maritime Province (above), from near Hamada in San’in 
District, west Honshu, to Kimchek in northeast Korea (middle), and from northwest Kyushu 
to Pusan in southeast Korea through the Tsushima Straits (below). 

For abbreviations for different water masses, see Fig. 354. The boundary between the Upper 
Water system and the Lower Water system is shown by a thick line, of which the exposed portion 
corresponds to the Polar Front. The series of curved dashes on the surface in the northwestern 
region of the sea indicates the southern limit of sea ice. 
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Fig. 364. Block diagram showing the distributions of water masses in the Japan 
Sea in summer. 

For abbreviations for different water masses, see Fig. 35a. The boundary 
between the Superficial-Upper Water system and the Lower Water system is 
shown by a thick line. The broken line on the surface indicates the position 
of the submerged Polar Front in summer. 
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Now, comparing the oceanographic structure of the Japan Sea, especially that 
in the summer season, with the occurrence pattern of various animal communities 
in the same sea discussed at length previously (Sections 3.1, 3.3, 3.9, 3.10 and 3.11), 
the following important conclusions are gained. 

A) There is an intimate correlation between the animal communities and. the 
water masses (except, for the time being, for the okaba community III and the 
taraba community I, as no corresponding water masses are defined exactly). 

B) Correlation of the following combinations is seen between respective animal 
communities and water masses: 


Pelagic communities Demersal communities Water masses Water systems 


Surface tropical- 

subtropical com- •••Okaba community I 
munity 


••• Superficial Water • 


Superficial 
Water system 


Mid-water sub¬ 
tropical to tem¬ 
perate commu¬ 
nity 


( Okaba community II 


Tsushima Current 
Core Water {ex NW 
Pacific Central 
Water) 


Okaba community III ••• 


Upper Water 
system 


I Japan Sea Central 

Okaba community IV ••• Water {ex winter 

Upper Water) 


/ Taraba community I 


p 


Deep-w ater 
boreal to arctic 
community 


Taraba community II 


Intermediate 
Water {ex winter 
Southern Lower 
Water) 


Lower Water 
system 


I Northern Lower 

Taraba community III-” Water (=Deep and 

Bottom Waters) 


The correlation inferred above between respective water masses and animal com¬ 
munities, especially the demersal ones, may be corroborated by optimum temperature 
data known for some representative species of respective communities, which are 
shown in Table 7. The optimum temperature range of each member of a certain 
community falls within or covers the thermal range of the corresponding water mass. 
Further it is noticed that, so far as the temperature data are concerned, the center 
of the optimum life for the animals of the okaba community III seems to be in the 
range intermediate between the Tsushima Current Core Water and the Japan Sea 
Central Water; rather this can be expressed as “the members of the okaba community 
III inhabit the water that may be called the upper peripheral portion of the winter 
Upper Water mass” against the members of the okaba community IV which in¬ 
habit the Japan Sea Central Water, i.e., the core water of the same water mass. 
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Similarly, the animals of the taiaba community I are considered to inhabit principally 
the upper peripheral portion of the Southern Lower Water mass against the animals 
of the taraba community II which inhabit the Intermediate Water, i.e., the core 
water of the same water mass. As to the salinity, on the other hand, the upper 
peripheral portions of both the Upper and Southern Lower Water masses are some- 

Table 7. Optimum temperature ranges (in °C) for some representative species of 
animal communities found in the Japan Sea. (After various authors). 


A) OkABA I AND CORRESPONDING PELAGIC COMMUNITIES 


*Coryphaena hippums 

24-26 

Microcanlhus strigatus 

22-25 

* Katsuwonus pelamis 

20-24 

Goniistius zonatus 

18-26 

*Makaira mitsukurii 

19-24 

Stephanolepis cirrhifer 

18-25 

*Cypselurus opisthopus hiraii 

20-23 

*Auxis tapeinosoma 

19-23 

*Seriola quinqueradiata (young) 

18-24 

* Engraulis japonica 

17-24 

Triakis scyllia 

18-22 

Anthocidaris crassispina 

18-24 

Octopus vulgaris 

20-25 

*Doryteuthis kensaki 

19-25 

B) OkABA II AND CORRESPONDING PELAGIC COMMUNITIES 


*Pneumatophorus japonicus (young) 

14-21 

*Etrumeus teres 

13-21 

Trachurus japonicus 

15-20 

* Thunnus thynnus 

14-19 

*Seriola quinqueradiata (medium) 

15-18 

Eopsetta grigorjewi 

15-18 

*Cololabis saira 

13-19 

*Regalecus russellii 

12-19 

Tanakius kitaharai 

Around 15 

Lepidotrigla microptera 

Around 15 

Chrysophrys major 

15-16 

* Todarodes pacificus 

12-18 

C) OKABA III AND CORRESPONDING PELAGIC COMMUNITIES 


* Pneumatophorus japonicus (adult) 

12-16 

*Sardinops sagax melanosticta 

13-15 

*Seriola quinqueradiata (adult) 

13-15 

Hexagrammos olaki 

10-14 

Ammodytes personatus 

9-13 

Hemicentrotus pulcherrimus 

12-16 

Stichopus japonicus 

10-15 

* Doryteuthis bleekeri 

12-15 

D) OKABA IV AND CORRESPONDING PELAGIC COMMUNITIES 


Glossanodon semifasciatus 

8-13 

* Watasenia scintillans 

7-12 

* Parathemisto japonica 

5-13 

*Euphausia pacifica 

5-12 


E) Taraba i community 


Pleurogrammus azonus 

5-8 

Sebastes taczanowskii 

5-8 

Clupea harengus pallasi 

4-7 

Glyptocephalus stelleri 

4-6 

Cleisthenes pine tor um herzensteini 

Around 5 

StrongylocentrotiLS intermedius 

4-7 


F) Taraba 

II COMMUNITY 


Theragra chalcogramma 

2-5 

Arctoscopus japonicus 

2-5 

Sebastes owstoni 

2-5 

Gadus morhua macrocephalus 

2-4 

Hippiglossoides dubius 

1-5 

Chionoecetes opilio 

1-5 


G) Taraba 

III COMMUNITY 


Breviraja smirnovi 

0-2 

Allolepis hollandi 

0-1.5 

Chionoecetes japonicus 

0-2 

Pandalus borealis 

0-1.5 


* It is intended to gather the data of demersal species as far as possible, but they are so limited that 
the data ofsome non-demersal species, which are pelagic or neritic and are shown with an asterisk, 
are given here supplementarily. 





80 


S. Nishimura 


what less haline than the typical water of respective water masses, as will be 
shown later (p. 101). Broadly speaking, the peripheral water is ephemeral in both 
cases, being formed in an early transient phase of the winter cooling and salinity 
concentration. The fact mentioned previously that the members of the demersal 
communities of okaba III and taraba I are originally coastal and adapted to lower 
salinity (pp. 377 & 379 of Part III), and then characterized each by a marked 
seasonal vertical migration or a very extensive vertical range (pp. 377-379 of Part 
III and p. 339 of Part IV) seems to be related with the nature of these water masses 
that they are initially of lower salinity and show prominent seasonal fluctuations 
in both vertical extent and properties (see p. 101 of this paper). 

The reason for the peculiar situation that the distinct demersal communities correlated with the 
peripheral water portions are defined respectively for the Upper Water and Southern Lower Water 
masses but no corresponding communities for either of the Superficial Water, Tsushima Current Core 
Water and Northern Lower Water masses may be sought in the fact that only the first two water masses 
are formed within the Japan Sea through a gradual process of cooling and salinity concentration in 
the period from autumn to winter, thus permitting the development or maintenance of distinct animal 
communities adapted to the transient phase in the formation of respective water masses. Meanwhile, 
the Superficial Water and Tsushima Current Core Water are both allothigenic to the Japan Sea, 
being brought there respectively as a “ready-made” water mass, and the Northern Lower Water is 
formed within the Japan Sea but under a narrowly constant condition at the freezing of sea water; 
thus, there seems to be no possibility for these three water masses to have any distinct peripheral 
portions or transient phases and therefore any definite animal communities correlated with them. 

In physical oceanography, the Northern Lower Water is generally subdivided 
into the Deep and Bottom Water masses. Although the Bottom Water is usually 
slightly lower in temperature and higher in salinity than the Deep Water, their 
hydrographic characteristics are so close to each other that, biologically, these two 
waters are seemingly almost identical, without any definable qualitative differen¬ 
tiation being noted between the animal communities maintained at the levels of those 
water masses (pp. 381-384 of Part III). Only the fact that the taraba community 
III becomes poorer below ca. 1000 m (p. 384 of Part III) and also the pelagic com¬ 
munity at the levels of the above demersal community is similarly considerably poorer 
below 1000m (p. 344 of Part IV) might be related with some hydrographic differences 
between the Deep and Bottom Water masses, as the 1000 m level corresponds roughly 
with the transitional depth from the Deep Water to the Bottom Water. 

As shown above, the pelagic communities of the Japan Sea are divisible into three 
groups according to the vertical distribution and the bio-climatological characters of 
their constituent species. This means a correspondence to the hydrographic situa¬ 
tion that there are three water systems definable in the Japan Sea, as mentioned already 
(p. 73). Of these, the Superficial Water system is unique in its temporal formation 
limited to the summer season (cf. Fig. 35), while the other two water systems are 
permanent in the Japan Sea, though their hydrographic properties and distributions 
are somewhat changed with seasons. The latter two water systems are, however, 
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quite distinct from each other. The Upper Water system belongs to the warm water 
while the Lower Water system to the cold water. The boundary between them is 
sharply demarcated at about the constant level throughout the seasons and areas as 
far as these two water systems are defined; this boundary is the so-called “secondary” 
or “permanent” thermocline against the “first” or “seasonal” thermocline developed 
very sharply but temporarily at the bottom of the Superficial Water system during the 
summer season. 

The understanding of the various zoogeographical aspects characteristic to the 
Japan Sea will be made properly only when the interrelations between the animal 
communities and the water masses are taken into consideration. Several examples 
in this line are given below: 

(1) The vertical situation of respective animal communities and its geographical 
variation (Section 3.11). These are in a close approximation to the stratification of 
respective water masses and its geographical variation in the Japan Sea. 

(2) The vertical segregation of northern and southern elements [Section 3.9). 
The boundary between their vertical ranges, either of the bottom or pelagic organisms, 
corresponds to the contact plane of the Lower Water system with the Upper Water 
system, namely the permanent thermocline, in the southeastern region of the sea and 
to that with the Superficial Water system, namely the seasonal thermocline, in the 
northwestern region. In this way, an easy comprehension will be made of the fact 
that the majority of the southern dements persist to flourish at shallower levels 
throughout the year in the southeastern region, while in the northwestern region the 
southern elements are mostly seasonal, flourishing in any degree only during the 
summer season (p. 372 of Part III). 

(3) The boundary zone between the okaba and taraba gounds (p. 338 of Part 
IV). This is nothing but the level of the permanent thermocline. Owing to the 
perennial formation of this thermocline roughly at the constant depth, the zone 
around this level constitutes an important persisting “ecotone” between the two 
environments, and as a result of this many members of the different animal com¬ 
munities respectively of distinct climatological characteristics, i.e., the okaba III, 
okaba IV and taraba I, will appear in close contact in this limited space. 

(4) The northern periphery of the distribution of southern elements (Section 
3.1 and p. 88 of Part II). This is taken as corresponding to the Polar Front which 
demarcates the northern limit of the Upper Water system, i.e., the Upper Water mass 
in winter and the Tsushima Current Core Water and the Japan Sea Central Water 
masses together in summer (Fig. 36). Similarly, the occurrence area of the massive 
blooming of Coscinodiscus wailesii and other subtropical oceanic diatoms in winter to 
early spring (Fig. 16 in Part II) is explained as corresponding to the domain of the 
Upper Water. 

(5) Occurrences of southern elements in the northern area. The southern 
elements that often penetrate into the area north of the Polar Front are mostly either 
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the members of the tropical-subtropical surface pelagic community or those of the 
okaba bottom community I with a pelagic larval phase (pp. 329-330 of Part IV). 
This reflects the situation that the Superficial Water mass spreads northward beyond 
the Polar Frontal zone in the summer season (cf. p. 94 of this paper). 

(6) Occurrences of neritic animals in the offshore region ( Section 3.3). This is 
seemingly intimately correlated with the extension of the Superficial Water of much 
lower salinity far to the offshore region of the Japan Sea in the summer season. This 
relation is especially prominent between the development of a pelagic community 
consisting of very strongly neritic elements in the northwestern part of the sea (p. 
87 of Part II) and the formation of the markedly diluted Northwest Superficial Water 
mass in the same region (cf. pp. 93-94 of this paper). 

(7) Distinctiveness of the deep water fauna ( Sections 3.12 & 3.13). The fauna on 
the deep floor of the Japan Sea, represented by the taraba community III, consists of 
the inhabitants of the Northern Lower Water which is authigenic in the Japan Sea and 
quite distinct from the deep water of the Pacific as mentioned already (p. 75). Natu¬ 
rally, then, the deep bottom fauna of this marginal sea is decidedly different from that 
of the Pacific and entirely composed of the species of arctic origin or having a close 
affinity with arctic species, which are adapted to much lower water temperature than 
those inhabiting the deep bottom of the Pacific. The same is true as to the deep 
pelagic fauna of the Japan Sea, too (p. 344 of Part IV; also, Vinogradov 1968). 

4.2. Movement and Transformation of Water Masses and the Migrations of Animal 

. Populations 

In this section, the characteristics of animal distribution in respective seasons in 
the Japah Sea will be mentioned dynamically with close reference to the hydro¬ 
graphy. Descriptions are begun with the winter aspects. 

4.2.1. Winter to Spring Aspects 

Though the hydrographic features of the Japan Sea in the warm : easons are fairly 
well known, those, especially the circulation pattern of water, in the winter season 
are not yet worked out well and are largely obscure, because of the severe condition 
imposed by the northwest monsoon which prevails very prominently throughout the 
winter months. 

The most outstanding feature of the animal distribution in this season is the 
coastward drift and subsequent stranding of many pelagic animals along the south¬ 
eastern coasts of the sea; the bulk of the stranded animals are southern elements 
{Section 3.2) and the rest are of the northern coastal origin ( Section 3.6). This suggests 
the prevalence of a powerful southerly surface current in the Japan Sea in winter, 
which is no doubt a kind of drift currents induced by the northwest monsoon. 
As a whole, the surface current system of this marginal sea in winter season is 
supposed to be directed approximately from north to south, at least during the 
time when the monsoon wind is blowing. 
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Next, the facts that the stranded southern animals include not only the surface 
pelagic species but also several mesopelagic species (Section 3.5) and moreover that 
many bathypelagic plankton animals are brought up in mass from deeper layers to 
be drifted toward the south from late winter to spring (pp. 81-83 of Part II) indicate 
that a vertical mixing of water of a large scale is induced to a considerable depth of 
the sea in this season, and this brings the meso- and bathypelagic animals up to 
the surface layer to enter the influence of the monsoon. At the same time, some of 
the epipelagic animals inhabiting the surface layer are naturally brought down to 
deeper levels by this vertical mixing, as Meshcheryakova (1960) found not a few of 
the surface warm-water plankton animals in the depths below 200 m in the south¬ 
eastern region of the sea (p. 90 of Part II). Apparently, this vertical mixing is a kind 
of thermohaline convection caused by the surface chilling and evapolation greatly 
accelerated by the monsoon. Such horizontal and vertical water movements seem to 
take place in the surface and upper layers almost over the entire area of the Japan 
Sea throughout the winter season. 

On the basis of the above-given suggestions and the distribution pattern of water 
masses outlined in Fig. 36a, the winter circulation system of water in this marginal 
sea is proposed here schematically in Fig. 37. In constructing this qualitative model, 
a special attention is laid on the point that in the winter season the influx of the 
Tsushima current into the Japan Sea dwindles steeply, hardly sustaining the volume 
transport not more than 10 % of that in late summer on the average (Suda 1938; 
Miyazaki 1952) and the sea is as a whole under a “stagnant” phase (Miyazaki & 
Abe 1960) so that it may behave as if it were a stratified lake under the stress of wind. 
The marked prevalence of horizontal mixing in the shallow layers both within the 
Tsushima current area ( = the Upper Water area in my definition) and the Liman cur¬ 
rent area ( = the Southern Lower Water area) in the winter season as suggested by 
Miyazaki & Abe (1960) seems to be largely due to the surface drift currents mentioned 
above. Penetration of the Southern Lower Water beneath the Upper Water mass 
at the Polar Front is already supposed by Uda (1938) in connection with the general 
circulation of the “cold deep water” of the Japan Sea. The flows X, and X z in the 
vertical section a in Fig. 37 are the return currents going from south to north res¬ 
pectively along the bottom of the Upper Water mass and the bottom of the Southern 
Lower Water mass; their developments are natural from the view-point of continuity 
and equilibrium of water movement (Mortimer 1951, 1952, 1954; etc.) The direction 
of circulation of the Northern Lower Water is just opposite to those of the Southern 
Lower Water and the Upper Water; namely, it is directed to the north just below the 
bottom of the Southern Lower Water mass (X 3 in Fig. 37 a) but southward at deeper 
levels. This is suggested after the theory of Fukuoka (1965, pp. 100-101), assuming 
that the geostrophic flow approximation is valid within the Northern Lower Water 
mass and taking into account the vertical movement of this water supposed just 
below. In the northwestern half of the sea, the Northern Lower Water upwells to 
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Fig. 37. Proposed winter circulation pattern in the Japan Sea. 

The vertical pattern (a) is shown in a NW-SE section through the center of the sea. The 
broken curves schematically indicate the convection, the solid curves the general aspect of 
advection currents, and the dotted curves the boundaries between the Upper Water, Southern 
Lower Water and Northern Lower Water masses. The broken line shown in the middle of the 
Northern Lower Water mass indicates the supposed boundary between the Deep Water and 
Bottom Water masses. See also Fig. 36a. 

The horizontal circulation pattern is given respectively as to the south-flowing layer (A) and 
the north-flowing layer (c) in the sea. The former pattern is seen generally over the whole sea 
surface, partly just below the bottom of the Upper Water mass, and furthr deep near the sea floor, 
though the flow is much weaker and in somewhat modified fashions in deeper layers. On the 
other hand, the latter pattern representing the return currents is seen in the lower layers of the 
Upper and Southern Lower Water masses and in the upper layers of the Northern Lower Water 
mass. These north-flowing return currents are indicated in figure a by X u X 2 and X 3 , respectively. 
The broken lines in A and c show the supposed limit of respective current systems. 
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shallower layers probably with gradual acceleration; this upwelling is inevitable 
if the Bottom Water is formed and sinks down out of the surface layer in the north- 
westernmost region of the sea (p. 75 of this paper). After the upwelling, the water 
will possibly keep the northwestward flow under the sea ice covering along the 
Siberian coast and gradually be chilled and concentrated of salinity finally enough 
to sink down as the Bottom Water fairly rapidly at first but gradually slowly later. 

The winter distribution pattern of every water mass in the Japan Sea seems 
to be deducible from the circulation system outlined above 3 *. 

Now, several biological phenomena other than those mentioned previously 
(pp. 81-82 of this paper) are explained comprehensively on the above-mentioned 
circulation system of water. 

First, from late winter to spring large populations of the pelagic amphipod 
Paratkemisto japonica are found distributed just south of the Polar Frontal zone and 
afford the shoals of the pink salmon Oncorhynchus gorbuscha migrating northward the 
most important nutrition (Fukataki et al. 1961). The amphipod populations are 
supposed to have been transported there by the northerly return current along the 
bottom of the Upper Water mass (X, in Fig. 37 a) from their natal place possibly in 
the southeastern area of the Japan Sea and accumulated in the surface layer just south 
of the Polar Front. As mentioned previously (p. 83 of Part II), large individuals of 
Parathemisto are found only in the deeper layers in the southeastern area of the sea, 
and it is a well known fact that the amphipod found near the Polar Frontal zone is also 
very large and bulgy. More or less similar phenomena may be assumed as to certain 
members of the okaba community IV inhabiting the lower portion of the Upper 
Water mass or the Japan Sea Central Water mass, e.g. the euphausiid Euphausiapacifica 
and the teleost Maurolictis muelleri (cf. pp. 330-331 and pp. 335-336 of Part IV). 

Secondly, not a few members of the subarctic-arctic zooplankton including abysso- 
pelagic forms and mostly of immature stages, are frequently found in the plankton 
samples collected or in the stomach contents of fishes caught below the 150-200 m 
level in the southeastern area of the Japan Sea; among those are the appendicularian 
Oikopleura labradoriensis, the crustaceans Thysanoessa longipes, Euprimno macropa, *Metery- 
throps spp., Calanus cristatus, Eucalanus bungii bungii, Pareuchaeta elongata (-P. japonica), 
*Conchoecia spp., the pteropod Clione limacina, the ctenophore *Beroe sp. beautifully 
colored red, the siphonophore * Dimophyes arctica, etc. Some of these are considered 


3) The surface circulation pattern supposed above (Fig. 37 b) is quite different from those hitherto 
deduced from the dynamic computation; for instance, compare with the scheme presented by 
Sizova (1961). It is very incredible that any dynamic computation can be successfully applied to 
clarify the winter circulation in the upper layers of the Japan Sea, which are influenced so strongly 
by the monsoon. In this respect, reference should be made to Hidaka (1957). On the 
contrary, the circulation model presented here resembles considerably Uda’s (1950) scheme 
which was constructed by taking into account the wind stress of the monsoon and further cor¬ 
roborated by the results of drift bottle tracing. Nishida (1935, 1955) also suggests a similar 
winter circulation pattern from the analysis of the data of drift bottle experiments. 
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to inhabit the Southern Lower Water, while others marked by an asterisk are 
seemingly from the Northern Lower Water (p. 344 of Part IV). They are probably 
brought up by the convection currents to surface layers, drifted southward to the- 
Polar Frontal zone, and then carried beneath the Upper Water mass by submerging 
currents ultimately to arrive at deeper levels off the west coast of Honshu Island. 

Similar southerly transport of some other plankton animals of the Southern 
Lower Water is quite reasonable as seen in the cases of the copepod Calanus plumchrus, 
the chaetognath Sagitta elegans, the pteropod Limacina helicina and the trachymedusa 
Aglantha digitate ; however, all being represented by young individuals, they are able 
to penetrate into and to keep the shallow-level drift in the warmer Upper Water 
mass, possibly because of their boreal nature and higher adaptability to the warm 
water than in the afore-mentioned arctic-subartic zooplankters collected solely from 
deeper levels within the Southern Lower Water. 

Furuhashi (1953) mentions that the upper limit of vertical distribution of those boreal zoo¬ 
plankters is found approximately near the isotherm of 11°C; this seems to show that the rise and drift 
of these zooplankters are done within the lower portion of the Upper Water mass, or the Japan Sea 
Central Water mass with the temperature range 9-11°C. As mentioned previously (pp. 74-75 of this 
paper), the Upper Water mass is replaced with the Peripheral NW Pacific Central Water (Tm'), a 
water mass somewhat warmer and more haline, off the San’in coast of west Honshu, and this seems to 
prevent the mass rise of the boreal bathypelagic zooplankters in this area in early spring (p. 89 of 
Part II). No data are available as to the temperature range of the arctic-subarctic zooplankters, 
but the upper limit seemingly never exceeds 7-8°C. 

Since the arctic-subarctic or boreal zooplankters belonging to the Lower 
Water masses must travel over more or less considerable distance to reach the Polar 
Front and submerge under or penetrate into the Upper Water mass, their appearances 
in or near the coastal waters of Honshu Island are naturally later than those of the 
zooplankters such as Parathemisto japonica and Euphausia pacifica inhabiting the lower 
portion of the Upper Water mass itself or the Japan Sea Central Water. This time 
lag is well reflected in the stomach contents of plankton-feeding fishes such as the 
chub mackerel caught near the bottom around the edge of the continental shelf off 
the west coast of Honshu as referred to already (p. 90 of Part II). In this area, until 
middle March when the arctic-subarctic, and especially boreal, zooplankters men¬ 
tioned above begin to appear in quantities, the plankton of the shallow layers is 
composed of the warm water, mainly subtropical, species although the water tempera¬ 
ture has already dropped to the annual minimum in early March ( loc. cit.). Of 
course, these subtropical plankton species are the inhabitants of the Upper Water 
mass, having survived the winter condition there. 

The young individuals of the arctic-subarctic zooplankters having submerged 
below the Upper Water mass to penetrate toward the west coast of Honshu may 
be caught by the northerly return currents in the middle layers (X 2 , and probably 
together with X 3 , in Fig. 37 a) eventually to be carried back to their natal place in 
the northern parts of the Southern Lower Water or the Northern Lower Water 
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mass; their life cycle seemingly conforms to such a tour. This may be the reason 
why the adult stages of those zooplankters are hardly found in the southeastern area 
of the Japan Sea in spite of the fact that their juveniles are frequently and some¬ 
times abundantly found there. 

Lastly, the “sublittoral faunas” supposed to inhabit respectively the upper portions 
of the Upper Water and Southern Lower Water masses, i.e., the okaba community 
III and the taraba community I (pp. 377-379 of Part III, pp. 78-80 of this paper), 
may not insignificantly be affected by the circulation system as suggested above. 
It is natural that the warmer, less haline water formed in the early transient phase or 
situated in the upper layers of the southern parts of respective water masses is con¬ 
veyed leewaird to the southern coastal areas of the Japan Sea, covers the continental 
shelf or slope, and affords there suitable environments for the temperate and 
subarctic sublittoral faunas. Thence, the okaba community III is especially well 
flourishing in the coastal areas surrounding the southern Japan and southern Korea 
(p. 336 of Part IV), and the taraba community I, particularly its group 2, penetrates 
into moderate depths in the waters off the coasts of both northern and southern ends 
of Honshu Island along the west Hokkaido and east Korea, respectively (pp. 337-338 
of Part IV). In spring, as discussed later in detail (p. 89ff.), the water of shallower 
layers of respective water masses will spread northward over the Northern Lower 
Water mass and fill the shaillow coastal areas of the northern and - northwestern 
regions of the sea, affording a suitable circumstance for both temperate and subarctic 
sublittoral faunas there (pp. 339-340 of Part IV). 

On the other hand, the bulk of the colder, more haline water of deeper layers of both the Upper 
Water and Southern Lower Water masses flows respectively northward (X, and X 2 in Fig. 37a) finally to 
up-well in the central region of the Japan Sea, never reaching any coastal areas. It is thus reasonable 
that in principle only pelagic populations are sustained in these water portions, whereas demersal or 
meropelagic ones cannot persist in them for any significant duration. This may be one of the reasons 
for the fact that the bottom communities okaba IV and taraba II, respectively correlated with the 
deeper portions or the final-phase products of the Upper Water and Southern Lower Water masses, 
include not a few species which show a marked tendency to pelagic life (for example, Maurolicus 
muelleri, Watasenia scintillans, Euphausia pacifica, etc. in okaba IV and Theragra chalcogramma, Sebastes 
owstoni, etc. in taraba II), while the communities okaba III and taraba I, respectively correlated 
with the upper portions or the transient-phase products of the same two water masses, consist solely of 
the species with an entirely demersal habit at least throughout the adult stage, hence their distinctive 
“sublittoral” nature. 

In this connection, it is also interesting to note that the more pelagic members of the okaba 
community IV can stand lower temperature than the more demersal members of the same community. 
For example, the “pelagic” Maurolicus muelleri, Euphausia pacifica, Parathemisto japonica, etc. can live 
in the water considerably colder than that in which the “demersal” Glossanodon semifasciatus, Pasiphaea 
sivado, ect. are usually living. As a result, the former are able to penetrate down to the levels considerably 
deeper than the level of the edge of the continental shelf at which the latter live limitedly (pp. 335-336 
of Part IV). It is not impossible that the adaptation of the above-mentioned pelagic members to 
lower temperature might be accelerated by being caught by the return current at the deeper levels 
of their living water mass, which may carry them into the colder environments every winter. A 
similar relation seemingly exists, too, between the more pelagic and more demersal members of the 
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taraba community II (compare, for instance, Thtragra chalcogramma and Gadus morhua macrocephalus ), 
although the pertinent data are available only scarcely. 

The transition from spring to summer is perceivable in the Japan Sea by the 
gradual decrease of the afore-mentioned boreal bathypelagic zooplankters in the 
surface layers. The decrease takes place around April to May in the southeastern, 
May to June in the northeastern, and around June to July in the northwestern region 




Fig. 38. Changes in the vertical circulation pattern from winter 
to spring, shown in the N-S section off the coast of western 
San’in District, Honshu Island, a —In midwinter, when 
the northwest monsoon is prevailing; b —In early to middle 
spring, when the northwest monsoon has ceased; c —In late 
spring. 

The arrows indicate the general direction of currents. 

Tm’—Peripheral Northwest Pacific Central Water mass; 

Tw—Upper Water mass; Li—Southern Lower Water mass. 

of the sea; thus, a time lag from southeast to northwest is evident (p. 86 of Part II). 
With the decrease of the boreal zooplankton, some warm-temperate neritic plankters 
such as Noctiluca scintillans, Calanus sinicus, Paracalanus parvus, Oithona nana, Corycaeus 
affinis, Sagitta bedoti, Salpa fusiformis, etc. ( loc. cit.) increase gradually in the southeastern 
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Japan Sea to form at last a quite different pelagic community. As many of the above 
species are main constituents of the plankton off northwest Kyushu throughout 
the season from December to April (Enomoto 1957; Senta 1958; Tanaka & Koga 
1958), their appearance in the southeastern Japan Sea is accepted to show that the 
Peripheral NW Pacific Central Water mass confined to the south of the western San’in 
District (cf. Fig. 31) from winter to spring is now spreading north toward the central 
region of the sea, together with organisms contained in it, driving the Upper Water 
mass away to the north or partly lapping it over. The Upper Water mass itself 
then moves northwestward and spreads over the Lower Water masses (Fig. 38). This 
northerly movement of the Upper Water mass may bring about a gradual disappe¬ 
arance of the boreal zooplankters having penetrated into and been predominating 
in it such as Calanus plumchrus, Sagitta elegans, Aglantha digitale, etc. and the meso- 
pelagic ones belonging to the Upper Water itself such as Parathemisto japonica , 
Euphausia pacifica , Metridia pacifica, etc. from the shallow layers off the west coasts of 
Honshu and later of Hokkaido in late spring to early summer. All these plankton 
animals are, then, found thriving in the upper layers of the central and northwestern 
regions of the Japan Sea in early to middle summer and constitute the important food 
items for plankton-feeders such as sardine and chub mackerel (Nakai 1942a, 1942c) 
and squid (Okiyama 1965) migrating there. According to Nakai (1942b), the 
plankton biomass in the upper 150 m is much greater in the northwestern region than 
in the southeastern region of the Japan Sea during the season from April to October, 
especially from May to July, and this is a reversal of the condition found in the 
winter season. Possibly, the early-summer increase of plankton biomass in the 
northwestern region of the Japan Sea principally due to abundant occurrences of 
Calanus plumchrus and Sagitta elegans (Nakai op. cit.) is achieved, partly at least, by the 
addition of the populations previously maintained in the Upper Water mass and 
carried there by its northerly spreading mentioned above. For these reasons, the 
surface occurrence of the boreal bathypelagic zooplankters will continue much longer 
in the northern region than in the southern region of the sea (p. 86 of Part II). 

Then, what is the mechanism of the northwest spreading of both the Peripheral 
NW Pacific Central Water and Upper Water masses? In my opinion, the winter 
distribution pattern of water masses in the Japan Sea is maintained chiefly under the 
stress of the northwest monsoon; then, in March to April when the monsoon is dying 
and the sea is released from the stress, those water masses will begin to restore the 
equilibrium distribution, respectively spreading northwestward in a thin layer over 
the Lower Water masses of higher specific gravity. Hitherto it has generally been 
believed that the northward extension of the warmer water masses mentioned above is 
due to the increase of the warm Tsushima current flowing into the Japan Sea from the 
East China Sea. This explanation seems, to my opinion, to require some amendments, 
because in the first place the volume transport of the warm current into the Japan Sea 
through the Tsushima Straits is not markedly raised till June (Fig. 39), namely, two 
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or more months after the beginning of the northward extension of the warmer water 
masses in the Japan Sea proper, and secondly the northward extension of the warmer 
water masses in question never assumes the jet-like streams invariably observed during 
the period of the strong influx of the warm Tsushima current but is performed in a 
diffused spreading, as shown by the northwestward drift of the boreal bathypelagic 
plankton and dispersal of the warm-temperate neritic plankton and more clearly, as 
mentioned below, by the seasonal migration pattern of some temperate fishes and 
baleen whales. 



Fig. 39. Seasonal variation in the northward volume transport of the 
warm current through the Tsushima Straits. Dots are actual values 
observed in the years 1935-1940. (After Miyazaki 1952). 


As discussed in Section 3.8 (pp. 90-95 of Part II), the migratory animals belong¬ 
ing to the group / usually winter in the areas of the Japan Sea west ofWakasa Bay and 
especially in the western waters of Kyushu, and start the northward migration in 
March to April; this seems to suggest that these animals are the inhabitants of the 
Peripheral NW Pacific Central Water mass and their northward migration conforms 
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to the movement of that water mass. Their northward migration is unique in its 
much diffused aspect over an extensive area of the sea as compared with the similar 
migration of animals belonging to the other groups (Figs. 18-20 or Fig. 23-i of Part II). 
As a more concrete example of the migration of the type here concerned. Fig. 40 is 
presented to show the occurrence area of populations of the saury Cololabis saira by 
months from spring to summer. It is seen clearly that the migration of this teleost 
is very diffused, extending over a wide area, but as a whole gradually moving toward 



Fig. 40. Occurrence area of the saury Cololabis saira by months in its 
northerly migration period. 1—May; 2—June; 3—July; 4—August. 
(After Apanovich 1962; slightly modified on further data). 


the northwestern region of the sea. It is especially noteworthy that the occurrence 
area in May is fan-shaped, with the pivot at the southern corner of the sea. The 
above-mentioned movement of the habitat of the saury supposedly belonging to the 
Peripheral NW Pacific Central Water seems strongly to suggest the diffusive spreading 
of that water mass from its source near the Tsushima Straits. The dispersed offshore 
occurrences of the more neritic teleost Fugu vermicularis porphyreus and the chaetognath 
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Sagitta bedoti in early summer (pp. 60-65 of Part I) also seem to point to the same 
hydrographic succession. 

Such a hydrographic situation as mentioned above is certainly a prelude to the 
strong influx of the warm current into the Japan Sea. As shown already, the core 
water of the warm Tsushima current is composed of the NW Pacific Central Water 
derived from the Pacific Ocean; and it is interesting to note that it is usually from June 
to July that some representative species of this water are caught in more or less 
significant numbers in the southeastern region of the Japan Sea. For instance, the 
oarfish Regalecus russellii shows a second peak of occurrence in this season off the coasts 
of San’in and Hokuriku Districts (Nishimura 1962b; Homna & Kitami 1967. The 
first peak in winter; cf. pp. 69-70 of Part I), and the centrophid fish Ocycrius japonicus 
is caught in a considerable amount from inshore as well as offshore areas of the sea 
in the same season (Nishimura 1962a). Moreover, fishermen of certain districts in 
middle Japan such as Sado Island maintain that when Ocycrius shoals arrive the saruy 
shoals will disappear from the fishing ground; this is particularly interesting in that it 
suggests a replacement of the Peripheral NW Pacific Central Water mass to which the 
saury belongs with the core water of the warm current or the genuine NW Pacific 
Central Water mass taking place around middle or late June in the southeastern region 
of the Japan Sea. 

4.2.2. Summer Aspects 

The warm Tsushima current really increases its strength since June as seen in Fig. 
39. At the same time, it shows a tendency to ramify; namely, the current tends to 
flow in two or more branches or stream belts defined fairly clearly (Suda & Hidaka 
1932; Uda 1934a). This is well reflected on the migration pattern of pelagic animals 
of group II (pp. 95-99 and Fig. 23-ii of Part II); these animals, including the chub 
mackerel, yellowtail, bluefin tuna, etc., migrate northward from June to July along 
the offshore as well as inshore routes and they are found only rarely in the areas between 
the two routes. As shown by the migration pattern of these fishes, the water mass 
inhabited by them, which may properly be named the “warmed” Peripheral NW 
Pacific Central Water or the “initial” Superficial Water for its nature or fate, is 
considered to flow northward in a central and two (or more) coastal branches. 
Conversely speaking, the movement of the water mass in branches or compact belts 
may be taken as an indication of the increase of the warm current. 

It is mentioned already (pp. 95-101 of Part II) that the later the northward mig¬ 
ration of pelagic animals of group II begins, the greater the preference of the central 
offshore route to the coastal routes is. This is well exemplified by the adult schools of 
the bluefin tuna, and the young schools of both the yellowtail and the fregate mackerel, 
which all enter the Japan Sea through the Tsushima Straits in July to August or 
September. The retardation is culminated with the members of group ///such as the 
porcupinefish Diodon holacanthus, ocean sunfishes Mo la mola and Masturus lanceolatus, 
sea turtles Dermochelys coriacea and Eretmochelys imbricata, sea snake Pelamis ( =Pelamydrus ) 
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platurus, etc., which enter the sea in September to October when the volume transport 
of the warm current attains the maximum. The occurrence patterns of the animals 
of group III in the Japan Sea are already fully discussed in pp. 53-57 of Part I and 
their supposed migration routes are shown in Fig. 23-m of Part II. Similar patterns 
and routes may also be applied to the tropical-subtropical pelagic cephalopods 
Thysanoteuthis rhombus and Argonauta argo (Nishimura 1966b, 1968a). The patterns 
of northward migration of these animals seem to indicate that the central offshore 
branch of the warm current is much stronger than the coastal branches in the peak of 
its inflow into the Japan Sea. This conforms to the physical estimation that ap¬ 
proximately 70% of the volume transport of the warm current owes to the central 
offshore branch inflowing through the west channel of the Tsushima Straits (Miyazaki 
1952). 

Further, this central offshore branch of the warm current seemingly assumes a 
jet stream which is confined to a narrow belt and thus keeps its energy little dissipated 
during its long course. This may be one of the causes for the facts that the pelagic 
animals of group III are scarcely diffused during their northward migration into the 
inshore waters along the middle part of Honshu Island, and moreover that some 
small numbers of the animals of this group get to the west coasts of northernmost 
Honshu and southern Hokkaido considerably earlier than to the coast of middle 
Honshu (pp. 56-57 of Part I). When the northwest monsoon begins to blow and 
induce southward drift currents on the sea surface in late autumn, the bulk of the 
animal populations of group III are possibly still on their way to the north or remain 
in the central region of the sea (see p. 99 of this paper) so that they will be subject 
to these drift currents and be driven toward the west coast of middle to south 
Honshu for the following one or two months, frequently in large numbers. This is 
the mechanism of the curious phenomenon that the occurrences of many tropical- 
subtropical pelagic animals in the southeastern coastal waters of the Japan Sea are 
confined almost exclusively in winter season ( Section 3.2). 

Concurrently with the intensification of the warm Tsushima current, a water of 
distinctively low salinity will cover an extensive area of the Japan Sea, offshore as 
well as inshore, from midsummer to autumn. The physical data seem to show that 
this low salinity water mass has originated mainly in the East China Sea and been 
driven into the Japan Sea by the warm current (Suda & Hidaka 1932; Suda et al. 
1932; Uda 1936). This notable extension of the diluted surface water, i.e. the 
Superficial Water, is well reflected in the distribution of many neritic or inlet water 
animals which are thriving not only in their proper environments but also in the 
offshore or exposed areas respectively of the Japan Sea in the said season ( Section 3.3 
and pp. 87-88 of Part II, pp. 373-376 of Part III). As to the origin of these offshore- 
distributed neritic populations, Tokioka (1951) expressed the opinion concerning the 
chaetognaths Sagitta crassa f. lypica and f. naikaiensis and the appendicularian Oiko- 
pleura dioica found around the New Yamato Bank (now called the Oki Bank) about 
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120 km off the coast of San’in District that they might be the drift individuals carried 
there from the coastal waters around Korea including the Yellow Sea and the southern 
and eastern waters of Korean Peninsula, rather than from the coast of San’in District. 
The drift of the rhizostomaean medusa Stomolophus nomurai observed in summer to 
autumn 1958 (pp. 63-64 of Part I) also suggests that the low salinity water of the 
East China Sea is driven into the Japan Sea sweeping by the neritic area along the 
southern coast of Korea (Nishimura 1959a, 1961a). 

In midsummer, the southeast wind predominates over the Japan Sea. Although 
it is never so strong as the northwest in winter, it may nonetheless have influence on 
the surface circulation of the Japan Sea by inducing north or northeast drift currents. 
Moreover, as seen in Fig. 34, a marked thermocline is developed at a very shallow 
level in this season, especially prominently in the northern to northwestern region. 
Such a stratification undoubtedly favors significantly the development of drift cur¬ 
rents in the diluted Superficial Water above the thermocline, and this may naturally 
be more remarkable in the northern to northwestern half of the sea. Temporary 
occurrences of not a few tropical-subtropical animals, mostly epipelagic, off or on the 
west coast of Hokkaido in late summer (pp. 45-46 of Part I and p. 329 of Part IV) 
and similarly the prevalence of small neritic zooplankters (p. 87 of Part II) and 
occasional occurrences of warm-water migratory animals (pp. 45-46 of Part I and 
pp. 329-330 of Part IV) in the environs of Peter the Great Bay in the same season 
are partly attributable to the northerly drift of the Superficial Water. 

The origin of the Northwest Superficial Water can seemigly be traced to the 
northerly drift of the coastal water along south Korea, though the contribution of 
the local drainage is not negligible. The presence of not a few neritic animals, such 
as the copepods Acartia steueri and Tortanus longipes, endemic to or locally restricted 
in the environs of Peter the Great Bay (Brodsky 1950, 1957) is suggestive of the 
possibility that the Superficial Water in those environs is authigenic, partly at least 
(see p. 75 of this paper); it is very probable that in addition to the influx of the Upper 
Water and the Peripheral NW Pacific Central Water, both having originated in the 
southern region of the sea and extended north over the sea surface, the accumula¬ 
tion of the fresh water from thawing of sea ice and the warming by local insolation 
which increases from late March may be largely responsible for the initiation of 
the Superficial Water in this region. In fact, it is estimated that the net heat 
transfer from the atmosphere to the sea is very large in spring in the northwestern 
region of the Japan Sea (Miyazaki 1952). Further development of the Superficial 
Water will be much favored there, because the drainage is greatest in midsummer 
to early autumn as the bulk of annual precipitation is concentrated in summer 
months from June or July to September in southeastern Siberia and northeastern 
China (Arakawa 1942). 

As mentioned already (pp. 333-335 of Part IV), the vertical range of the demersal 
okaba community I seen at the level of the Superficial Water mass is only half as 
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thick off Niigata and Yamagata Prefectures, middle Honshu, as off San’in District 
of west Honshu. This indicates naturally that the water mass in question is reduced 
to half in its thickness in the course from the southernmost to the middle region of 
the eastern Japan Sea, as is shown by physical oceanographic data: Fig. 41 shows 
the distribution of the Superficial Water in two vertical sections respectively off 
Hokuriku District of middle Honshu and off San’in District of west Honshu, which 



Fig. 41. Vertical distribution of salinity in %o in two sections extending northwest from 
respectively Cape Hajiki Zaki (38°21' N. Lat., 138°31' E. Long.) in Hokuriku District, 
middle Honshu (a) and Cape Echizen Misaki (35°58' N. Lat., 135°57' E. Long.) in 
San’in District, west Honshu ( b ). Based on the data obtained by the Maizuru Marine 
Observatory in August to September, 1966. 

The Superficial Water with the salinity less than 34.0%<? is almost twice as thick off 
San’in District ( b) as off Hokuriku District ( a ), and the Tsushima Current Core Water 
in the strict sense and with the salinity over 34.4%o is much thicker and located much 
more offshore off the former than off the latter. The Tsushima Current Core Water is, 
however, scarcely discernible or extremely thin, when it is present, just along the coast 
in San’in District ( b ), while it is rather thick in just the coastal zone of Hokuriku 
District (a). The lower limit of the isohaline 34.2%o which indicates roughly the boundary 
between the Tsushima Current Core Water and the underlying Japan Sea Central Water 
is nearly constant at the level of 150 m just along the coasts in both sections. 


conforms exactly to what is mentioned just above. It is also seen that the Super¬ 
ficial Water mass gradually becomes thin toward the northwest region of the sea, where 
it is confined to the very thin uppermost layer in both sections. 

There are two possible factors responsible for the reduction of the thickness of 
the Superficial Water mass from south to north along the eastern coast of the Japan 
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’ Sea: one is the extension of the water mass toward the northern offshore area induced 
by the southeast monsoon and the other is the short reach of the Southeast Superficial 
Water in the coastal branch of the warm current entering the sea through the 
eastern channel of the Tsushima Straits (Miyazaki & Abe I960), which seemingly 
never flows north beyond Noto Peninsula, middle Honshu, but makes a turn in the 
west of the peninsula eventually to flow back as coastal or offshore counter currents 4 *. 
The thickness of the Superficial Water mass off San’in District, 100-130 m as estimated 
from the distribution of the okaba community I (p. 339 of Part IV), is close to the 
sill depth (120 m) of the eastern channel of the Tsushima Straits. As the entire 
levels of that channel are occupied by the inflowing Southeast Superficial Water 
during the warm season (Miyazaki & Abe 1960), it seems very probable that the 
vertical range of the Southeast Superficial Water, and then the living space of the 
okaba community I, in the southernmost region of the Japan Sea is determined first 
of all by that sill depth. It is unknown, however, what determines exactly the 
thickness of the Superficial Water mass in the northwest region of the Japan Sea. 
The water is very thin there, less than 20-30 m, and demarcated by a sharp thermocline 
between it and the underlying water. Probably, a number of factors such as the 
original thickness of the spreading Upper Water and Peripheral NW Pacific Central 
Water masses (pp. 88-90 of this paper), local drainage and insolation, etc. may be 
concerned with determing the thickness. In this respect, it seems to be especially 
important to note that the NW Pacific Surface Water flowing northward through the 
East China Sea and mixing actively with the surface water of that marginal sea 
is gradually raised and reduced to only 25-50 m thick when it enters the Japan Sea 
through the western channel of the Tsushima Straits (Miyazaki & Abe 1960). 

The extension of the Superficial Water will bring about a marked drop of salinity 
in the upper layers of the Japan Sea and then this will check the distribution of many 
of the stenohaline oceanic epipelagic animals and of the inhabitants of the waters 
neritic but exposed to the open sea, those animals which are of the origin in the 
Kuroshio waters and are commonly found off or along the Pacific coasts of Japan. 
Most of these animals seem to avoid the low salinity of the Superficial Water so 
that they are almost missing from the upper layers of the Japan Sea (Section 3.4 and 
pp. 376-377 of Part III). On the other hand, as mentioned already (Section 3.5), 
some mesopelagic animals are met with much more frequently on the Japan Sea side 
than on the Pacific side of Honshu Island. The typical ones of them are fishes of the 
families Regalecidae, Trachipteridae and Molidae, which are considered normally to 

4) Suda & Hidaka (1932) have shown that clockwise eddies are developed in summer months in the 
coastal areas respectively off the eastern San’in District, off Wakasa Bay and west of Noto Peninsula 
and they induce there inshore counter currents. The existence of an eddy off the eastern San’in 
District is again confirmed by Uda (1934a, fig. 48) and Sizova (1961). Moreover, Uda (1934a, 
pp. 156-157) postulates that an anti-clockwise eddy of a large scale is formed northwest of Noto 
Peninsula possibly due to the coastal topography and it prevents further straight flowing of the 
surface water toward the northeast. 
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inhabit the NW Pacific Central Water and enter the Japan Sea through the Tsushima 
Stratis in such number as to be caught under a special condition fairly frequently 
in the inshore waters along the eastern coasts of the sea (Nishimura 1962a, 1962b). 
The mass invasion of the mesopelagic animals suggests clearly the vigorous influx of 
the NW Pacific Central Water as a subsurface current under the diluted Superficial 
Water through the Tsushima Straits. Further, the NW Pacific Central Water is 
supposed to flow into the sea through the western channel of the Straits and follow 
in the main the offshore branch of the warm current, as the mesopelagic animals 
mentioned above are hardly found in the coastal waters during their northward 
migration in midsummer to autumn. Really, Miyazaki & Abe (1960) analysed 
the T-S diagram and showed that from June to November the almost pure NW 
Pacific Central Water flows north through the western channel of the Tsushima 
Straits under the upper layer of the markedly diluted Northwest Superficial 
Water, while the eastern channel of the Straits is occupied wholly by moderately 
diluted Southeast Superficial Water from the surface to the bottom. The mesopelagic 
animals driven into the Japan Sea by this inflow of the NW Pacific Central Water 
mass will be largely confined to the offshore central region of the sea (see below) 
till late autumn when the turning over of water is initiated by thermal convetion 
and the animals are brought up to the surface layer to be exposed to the effect of the 
northwest monsoon (p. 83 of this paper) which will then carry them south to the 
inshore waters along the eastern coasts of the sea 5 >. 

In midsummer, the low salinity Superficial Water of the Japan Sea will gradually 
shift northeastward in accordance with the general directions of the warm current 
and the prevailing wind, and a considerable part of it will flow out to the Pacific 
throught the Tsugaru Straits between Honshu arid Hokkaido Islands and spread over 
an extensive area south of Hokkaido and the Southern Chishima Islands (Lesser 
Kuriles), where the warm-water neritic pelagic communities become much promi¬ 
nent in summer to autumn, especially from September to October (p. 88 of Part II). 
The occurrences of shoals of the neritic teleost Engraulis japonica and its spawning 
hundreds of miles off the coasts of southeastern Hokkaido and Sanriku District 
(Pacific side of northeast Honshu) in summer months (Nakai et al. 1955; Odate 
1957) and also the predominating distribution of the neritic chaetognath Sagitta 
bedoti in the same area during the same season (Tokioka 1957, 1959) seem largely 
to owe to the flowing out and wide spreading of the Superficial Water of the Japan 
Sea. 

As mentioned already, the volume transport of the warm current through the 
Tsushima Straits attains its peak in September; then, the warm current in the Japan 
Sea proper is estimated to become strongest in the period from September to October. 


5) On the Pacific side of Japan, the northwest monsoon and the induced drift currents will carry the 
pelagic animal populations toward the oceanic central area; thus, there will be much less op¬ 
portunity for those populations to approach and be caught in the inshore waters there. 
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Fig. 42. Schematic representation of the development of eddy areas along 
the stream belts of the Tsushima current in summer, a —August, 1949; 
b —September, 1948. 

The hatched are the cold-water areas representing cyclonic eddies, 
and the dotted are the warm-water areas representing anticyclonic eddies. 
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This period corresponds to the season of the monsoon change, when no significant 
wind nor any prominent wind-induced surface current prevails in the Japan Sea. 
The stream belts of the warm current, especially the offshore one, will then begin, 
being free from the stress of any uniform drift currents, to meander on account of the 
increased lateral shear imposed by higher velocity. The development of meandering 
will bring about several cyclonic and anticyclonic eddies of large scales along either 
sides of the stream belts of the warm current. The formation of several cold-water 
and warm-water areas along the main streams of the warm Tsushima current, 
invariably observed clearly in late summer to autumn (Fig. 42), is supposedly due to 
such eddies. 

It seems that these eddy areas will trap the pelagic animal populations that 
have been carried northward by the offshore branch of the warm current and retain 
them within till late autumn when the northwest monsoon begins to prevail and 
releases the populations from those areas to be drifted southward. In this way, the 
further northward migration of the bulk of tropical-subtropical oceanic animals 
beyond 39° or 40° N. Lat. in the main region of the Japan Sea is checked (p. 88 of 
Part II), and appearances of those animals in the inshore waters of the sea are con¬ 
centrated to the coasts from middle Honshu to northwest Kyushu (Sections 3.2 & 3.5). 

The Tsushima Current Core Water, accordingly the living space of the okaba 
community II, is sandwiched between the Superficial Water above and the Japan Sea 
Central Water below. The upper limit of the Japan Sea Central Water seems to be 
kept almost at the same level (ca. 150 m) along the whole west coast of Honshu as 
inferred from the vertical range of the okaba community IV inhabiting this water 
mass (p. 339 of Part IV), while the Superficial Water is reduced to nearly half in 
thickness from south to north along the same west coast (see above, pp. 94-96). 
Consequently, it seems that the coastal branch of the Tsushima Current Core Water 
becomes somewhat thicker in the region off middle to north Honshu than in the 
region off San’in District in west Honshu; and this is actually proved by physical 
oceanographic data (Fig. 41). The phenomenon is supposed to be brought about by 
the coastwise swing of the offshore branch of the warm current and the confluence 
of the offshore and coastal branches in the region off northern Honshu: unless the 
velocity of the joined currents is markedly increased, the layer of the Tsushima 
Current Core Water must become thicker there to hold the water of the two 
branches. The bottom of the Tsushima Current Core Water which is maintained 
throughout the southeastern region of the Japan Sea at ca. 150 m is considered to be 
determined firstly by the sill depth (140 m) of the western channel of the Tsushima 
Straits through which the water in question penetrates into the sea as the lower 
part of the warm current and flows northeastward filling the space above the Japan 
Sea Central Water mass in the southeastern region of the sea. 

4.2.3. Autumnal Aspects 

When the southeastern region of > the Japan Sea is still under the strongest 
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influence of the warm Tsushima current in September to October, the northwestern 
region is alrealy covered by the Siberian continental air mass and then influenced by 
the developing northwest monsoon with the extension of the atmospheric polar front 
from the continent to the central or southeastern region of the Japan Sea (Arakawa 
1948). Thus, weak south to southwest drift currents are induced in the northwestern 
region of the sea and this seems to be responsible for the early initiation of the 
southward migration of animal populations of groups I and II which have been 
maintained in that region, especially in the inshore waters of Maritime Province, 
during the summer (Fig. 23, lb & lib, of Part II). 

At the same time, the thermal convection is started in the entire region of the 
Japan Sea by surface chilling; this leads to the gradual disappearance of the low 
salinity Superficial Water masses and in its turn brings up in the northwestern 
region of the sea the Lower Water and in the southeastern region the Upper 
Water respectively to the sea surface (p. 70 of this paper). Under such circum¬ 
stances, the vigorously streaming offshore branch of the warm Tsushima current 
seemingly emerges on the sea surface forming there a very distinct Front against the 
colder water mass, and then the weak drift currents induced in the northwestern 
region of the sea will be checked by this Front and in all probability turn west- or 
southwestward along the Front. The pelagic populations being carried by the drift 
currents mentioned above will inevitably move along the Front and ultimately 
approach to the southeastern corner of Korean Peninsula or further to the coast 
of the westernmost district of Honshu, but never enter straightly the warm water 
region of the sea and approach to the coasts of middle to north Honshu. This is 
just the pattern of southward migration of the animals of groups I and II discussed in 
Section 3.8. Recently, Kasahara & Ito (1968) noted that the shoals of the common 
squid Todarodes pacificus found in the waters north of the Polar Front in late summer 
to autumn never mingled with those in the waters south of the Front and that the 
former were seemingly migrating southwestward to the southeast coast of Korea, 
quite independently of the latter. 

Until November to December when the northwest monsoon grows considerably 
and the influx of the warm Tsushima current drops steeply, the southward drift 
currents, though fairly developed, will in all likelihood not break through the 
Front of the warm water mass to carry their pelagic populations south. Thus, the 
appearances of the surface-living animals of the northern continental origin such 
as the pink salmon, young Atka mackerel, several species of whales, seals and fur seal 
in the warm water region of the Japan Sea are seen first in middle or late winter after 
the tropical-subtropical pelagic populations hitherto predominated there have 
wholly moved south and sunk down (Section 3.6 ; see also Fig. 37). Further late, in 
January to March, the boreal bathypelagic zooplankters will breed in the central 
region of the sea and subsequently their larval populations will appear in shallow 
layers to be drifted south in significant abundance (pp. 81-83 of Part II). 
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4.2.4. Returning to the Winter Aspects 

With the progress of cold season, the convection becomes stronger and stronger 
in the entire Japan Sea. The vertical mixing with the subsurface haline water and the 
evaporation greatly accelerated by the cold and dry northwest monsoon increase 
rapidly the surface salinity, and then the neritic animal populations hitherto predomi¬ 
nated so prominently in surface layers over the wide area of the sea (p. 93 of this 
paper) will gradually disappear. In succession, the subtropical midwater animals 
are brought up to and widely dispersed in the surface layer (p. 89 of Part II). The 
subtropical midwater populations that entered the Japan Sea at the peak of the warm 
water inflow in September to October will reach the northern region of the sea in two 
or three months, and will appear in surface layers in a greater part of the eastern and 
northeastern region of the Japan Sea with the decline of the Superficial Water and pre¬ 
dominate there during the period from late October till January, showing the most 
diverse subtropical color though the water temperature is approaching to the annual 
minimum. 

Along the west coast of Honshu, the water is chilled and the salinity is raised in 
December to January to the levels respectively just intermediate between the Tsushima 
Current Core Water and the Japan Sea Central Water in temperature and only slightly 
less than the Japan Sea Central Water in salinity, i.e. 12-14°C and 33.9—34.1 %c S. 
Since this condition is brought about chiefly by thermohaline convection, it is 
maintained throughout the whole strata above the continental shelf along the west 
coast of Honshu, but possibly except for the area off the west part of San’in District 
which is seemingly still under the influence of the warm Tsushima current. It is 
during this period that the members of the okaba community III, adapted to the water 
of such conditions as mentioned above, come near the inshore zone from their 
summer habitats in moderate depths and frequently even venture into quite shallow 
places (pp. 377—378 of Part III). As a rule, the water of the region will further be 
chilled and concentrated of salinity eventually to be transformed into the Upper Water 
of the winter season. After this stage, the majority of the animals of the above- 
mentioned transient or peripheral water mass become apparently scarce over the 
greater part of the shelf, possibly due to the concentration in certain limited areas 
of special hydrographic condition during the period from late winter to spring. This 
phenomenon is especially well known as to the migratory neritic members such as the 
chub mackerel Pneumatophorus japonicus. During the coldest season from February to 
April, dense populations of the adult chub mackerel are frequently found in certain 
narrow areas in the region from Toyama Bay to Sado Island in the eastern Japan Sea, 
close to the sea floor around 100 m deep (Nishimura & Okachi 1957). They hardly 
hover around far away from the sites; no doubt they are wintering there. Similar 
areas are also found in the shelf zone of San’in District in west Honshu, for instance in 
Wakasa Bay, off Sakai and Hamada. All these areas are more or less stationary, 
and according to Machinaka (1960), they correspond to the warm-water areas 
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formed by local anticyclonic eddies observed not infrequently along the west coast 
of Honshu in early winter (Fig. 43). It seems that such warm-water areas formed 
at different localities and in various scales are the wintering quarters for many 
animals of the upper peripheral watei of the Upper Water mass, i.e. the okaba com¬ 
munity III and the corresponding temperate neritic community, and presumably 
also for the animals of the Tsushima Current Core Water (=the NW Pacific Central 
Water), i.e. the okaba community II and the corresponding subtropical pelagic 
community, in the southeastern region of the Japan Sea. However, for the com¬ 
munities of the Superficial Water mass, i.e. the okaba community I and the cor¬ 
responding tropical-subtropical pelagic community, no such wintering site seems 



Fig. 43. Distribution of coastal warm-water areas formed by local anticyclonic eddies in 
late autumn to winter. (Slightly modified from Machinaka 1960). 


to be available within the Japan Sea. This, together with other unfavorable 
conditions, checks the members of these genuinely warm-water communities from 
being the permanent members of the biotic elements of this marginal sea as will be 
discussed in detail later (Section 5.3). 

In the southeastern region of the Japan Sea, the winter convection reaches the 
maximum level of 150-200 m in March, forming there a distinctive thermocline 
which sharply separates the upper homogeneous layer of higher water temperature 
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from the lower colder layer; and prominently enough the bottom level of the upper 
layer is maintained, broadly speaking, at about the same depth throughout the 
greater part of the area referred to, though somewhat variable in certain areas 
according to the temperature and salinity conditions just prior to the start of the 
convection. The lower limit of vertical range of this upper homogeneous water 
mass, namely the Upper Water, will then be sustained almost throughout the 
remaining period of the year. Conforming to this, the lower limit of vertical distri¬ 
bution of the warm-water communities, i.e. tropical to temperate pelagic communities 
and all of the okaba bottom communities, in the southeastern region of the Japan 
Sea can be said ultimately to be determined by the winter thermohaline convection. 
On the other hand, in the northwestern region of the sea the winter convection 



Fig. 44. Bathymetric chart of the southernmost region of the Japan Sea. 

grows more than 2000-3000 m down to the deep sea floor, and in the central region 
it reaches the level of ca. 250-300 m (Radzikhovskaya 1961). 

The vast space under the Upper Water mass of the Japan Sea is occupied by 
the Lower Water masses, sustaining the arctic to subarctic or boreal communities, 
i.e. deep-water pelagic communities and all of the taraba bottom communities. As 
mentioned in Section 3.1, the southward distributions of a large part of northern 
cold-water animals are limited off Hamada and its vicinity in the western region of 
San’in District on the Japanese side of the sea, while nowhere on the continental side 
opposite to the afore-mentioned region the northern cold-water elements decrease so 
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markedly and sharply as on the Japanese side, a considerable number of them being 
found off the southern coast of Korean Peninsula or even further south off the 
Chinese coast (p. 51 of Part I). As seen in Fig. 44 showing the bathymetric chart 
of the southern region of the Japan Sea, the continental shelf is very narrow along 
the east coast of Korea and the north coast of San’in District east of Hamada, but it 
is widened much west of Hamada as the 150 m bathymetric line indicating the shelf 
edge sharply extends offshore there. This bottom topography seems to be responsible 
for the situation that the northern cold-water populations inhabiting the layers deeper 
than 150-200 m approach easily to the coasts of both eastern Korea and eastern San’in 
District, but they are kept far to the coasts of western San’in District and northwestern 
Kyushu; in the result, the animals of those communities are caught quite commonly 
by coastal fishermen in the former region but not in the latter. Morever, as mentioned 
already (pp. 74-75 of this paper), the Peiipheral NW Pacific Central Water, much 
warmer and more haline than the Lower Water, occupies the whole space above the 
wide shelf zone off the western San’in District during winter months and blocks any 
approach of the cold-water populations to the coast in that season. 

Fig. 44 also shows that a narrow trough is cut from the deep basin of the Japan Sea 
to the northern slope of the sill in the western channel of the Tsushima Straits. As 
it is more than 200 m deep at the maximum, it seems quite likely that a part of the 
Lower Water which dashes, if any, into the trough will pass over the sill and flow along 
the southern coast of Korea to the deeper basin of the East China Sea. Such a flood 
of the Lower Water is seemingly not infrequent in the winter season when the surface 
water of the northwestern region of the sea is driven by the monsoon southwestward 
to be piled along the east coast of Korea and the pressure gradient induced in this way 
generates in turn a powerful gradient current directed to the south. The deeper part 
of this gradient current may hit against the continental slope off the western San’in 
District and be deflected, and at least a part of the deflected flow may dash into the 
above-mentioned trough 6 *. Then, some populations of the Lower Water masses can 


6) The shallower part of the gradient current, on the other hand, meets the Peripheral NW Pacific 
Central Water inflowing into the Japan Sea through the western channel of the Tsushima Straits 
and makes, together with the monsoon wind, the latter change its course from northeast to east 
and finally to southeast. This circulation pattern of shallow water conforms to some extent to the 
result of the drift bottle experiments; according to Uda (1950), for instance, the bottles released 
within 100 nautical miles off the east coast of Korea in winter are rapidly drifted to the coast of 
San’in District, being mostly concentrated in the eastern province of Shimane Prefecture. Thus, 
it is considered that the Peripheral NW Pacific Central Water is deflected off this province and then 
approach to the coast of San’in District. This water will subsequently flow westward along the 
coast of the district and eventually to the sea northwest of Kyushu, as it is already pointed out by 
Suda (1938) and Miyazaki (1952) that a southward flow is observed in the eastern channel of the 
Tsushima Straits during winter months. Such a flow pattern is supposed to be responsible for the 
facts that the Peripheral NW Pacific Central Water is limited in its extension only to the area off" 
the western San’in District in the Japan Sea, never flowing further northward (Fig. 31 of this paper), 
and that the majorities of the temperate and subtropical migratory animals of groups 1 and II 
that have moved south along the east coast of Korea or in the western half of the Japan Sea in their 
autumnal migration pass through (the eastern channel of) the Tsushima Straits to the northwest 
waters of Kyushu for wintering (Fig. 23, lb & lib, of Part II), possibly availing the southward 
flow in the straits referred to above. 
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invade the East China Sea along the southern coast of Korea and through the Yellow 
Sea. 


5. Characteristics in Biological Production in the Japan Sea 

5.1. Characteristics in Plankton Production 

It is pointed out by Heinrich (1961, 1962) that the plankton production in the 
main region of the Japan Sea is unbalanced, as the phytoplankton production is 
disproportionately greater than zooplankton production during the spring vegetative 
period and a large part of phytoplankton will die out without being consumed by 
herbivorous zooplankters; thus, the phytoplankton biomass fluctuates greatly with 
seasons quite independently of the zooplankton biomass. In fact, the phytoplankton 
biomass in the central and southeast regions of the Japan Sea is many times larger in 
the period from February to March or April than that in the remaining period of the 
year. And it is very noteworthy that the greater part of the spring biomass is occupied 
by a single diatom species Coscinodiscus wailesii. Just after the spring bloom, i.e. April 
to May, a large quantity of partially disintegrated Coscinodiscus is frequently hauled 
from deeper layers (p. 84 of Part II). This slimy and stinking mass occasionally 
comes into the inshore waters and will destroy fishes and invertebrates and do serious 
economical damages to local fisheries (Anon. 1965). 

The main herbivorous copepods in the Japan Sea during the season under 
consideration are Calanus plumchrus and to a lesser degree C. cristatus, the same species 
as found in the oceanic region of the Bering Sea where the plankton production is 
said to be well balanced (Heinrich op. cit.). As to the difference in plankton 
production between the Japan Sea and the Bering Sea, Heinrich refers merely to 
the earlier start of the phytoplankton bloom in the Japan Sea. It is, however, the 
question of essential importance to clear why the phytoplankton bloom is started so 
early in the Japan Sea. 

In the first place, the quality of the phytoplankters involved in the bloom seems 
to be important. As mentioned already (p. 84 of Part II), most of the phytoplank¬ 
ters in question are subtropical or tropical oceanic species; this is quite different 
from the constitution of the vernal bloom in the more northerly waters of the Japan Sea 
or in the Okhotsk and Bering Seas, which is predominantly of the arctic or subarctic 
nature. The tropical-subtropical phytoplankters seemingly start to bloom in January 
or February, i.e. considerably before the water temperature drops to the annual 
minimum, being stimulated by the enrichment of the surface water due to the winter 
convection, the gradual increase of daylight and the prolongation of daytime. The 
breeding of Calanus plumchrus is estimated, on the other hand, to take place in the 
central and southeastern regions of the Japan Sea in the period from January to 
March (p. 83 of Part II), a little later than in C. cristatus and nearly synchronized with 
the start of phytoplankton bloom. Since the consumption of phytoplankton by the 



106 


S. Nishimura 


nauplii and early copepodites of such copepods is very probably insignificant, the 
phytoplankton bloom will attain a very high population density in February to 
March without being affected much by grazing; perhaps it is the middle of March 
or later that the grazing by the copepods, having now attained late copepodite stages, 
becomes significant to any degree. It should also be noted that the predominance of 
Coscinodiscus wailesii in the bloom in this area is very suggestive that its size might 
be too large to be grazed by nauplii and early copepodites of Calanus plumchrus and 
most of the other herbivorous larval zooplankters thriving in that season. 

In the second place, the environmental situation under which the phytoplankton 
growth takes place is important. As ingeniously shown by Sverdrup (1953), for 
effective production of phytoplankton the thickness of the upper mixed layer of the sea 
must not exceed the “critical depth”, i.e. the depth above which the total photosynthesis 
is equivalent to the total respiration per unit of surface. Once, Enomoto (1959) 
calculated the value of the critical depth in the area west of Kyushu extending 
approximately from 32° to 34°N. Lat. and found that in the area under consideration 
the upper mixed layer was almost equal to or hardly exceeded the critical depth even 
in midwinter when the radiation energy was smallest and the upper mixed layer 
reached the deepest level, concluding that the period when the photosynthesis was 
smaller than the respiration might be very short or absent at all in that area. In the 
central and southeastern regions of the Japan Sea extending roughly from 35° to 40° 
N. Lat., the upper mixed layer attains its maximum thickness of 150-200 m (p. 102 of 
this paper), while the critical depth, though regrettably no sufficient datum is 
available for its calculation, may be in all probability nearly equal to or slightly 
smaller than the value calculated for the area west of Kyushu 7 ’, namely ca. 100- 
200 m at the minimum (Enomoto op. cit.). Thus, in the central and southeastern 
regions of the Japan Sea, the environmental situation in winter months might at 
first sight appear to be unfavorable for the effective production of phytoplankton, a 
conclusion rather unfit for the observed fact. It seems, however, very important 
to.pay an attention to the point that the extreme value of the thickness of the upper 
mixed layer and that of the critical depth may not be coincident but be separated 
from each other with an interval of about two months, i.e. the maximum of the 
former may be attained in March, while the minimum of the latter in December 
to January. It is highly likely that the thickness of the upper mixed layer hardly 
exceeds the critical depth at any moment throughout the winter months as shown in 
Fig. 45a, even though the maximum of the former per se does exceed the minimum of 
the latter per se. Thus, the phytoplankton growth is possible there quite early in 
winter from January to March, when the surface water is already adequately 
enriched and the light condition has turned favorable. 

7) The transparency of water and the weather conditions are much similar between the two areas 
but the mean latitude is somewhat higher, and therefore the incident radiation is somewhat 
smaller, in the Japan Sea than in the Kyushu waters. 
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The phytoplankton bloom under consideration has been generally described as 
“vernal bloom” (Section 3.7, etc.), and this is correct from the point of the season 
concerned. The nature of the bloom is, however, evidently of the “autumnal bloom”, 
because the bloom occurs before the period of the annual minimum water temperature 
and consists largely of subtropical species but not of the arctic to north-boreal species 
which constitute the vernal bloom in the more northerly waters. In fact, the vegeta- 
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Fig. 45. Diagrammatic representation of the seasonal change of phyto¬ 
plankton standing crop in the central-southeastern ( a ) and northwestern 
(b) regions of the Japan Sea, in a supposed relationship to the thickness 
of the upper mixed layer and the critical depth. 

Roman numerals above in each figure indicate months. For 
further explanation, see the text. 
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tion of subtropical phytoplankters under consideration just follows the “biological 
summer”, the period from late October to January or February when tropical popula¬ 
tions are most flourishing in the main region of the Japan Sea (p. 89 of Part II). 

The unbalanced plankton production mentioned above is not applicable to the 
neritic waters along the west coast of Honshu Island, where zooplankters consisting 
of various kinds of warm oceanic microcopepods, the temperate Metridia pacijica, the 
boreal Pseudocalanus elongatus and Oithona similis, the amphipod Parathemisto japonica, 
the euphausiid Euphausia pacifica, etc. are maintained considerably in the period from 
January to middle March prior to the mass appearance of the bathypelagic zooplank¬ 
ton (p. 90 of Part II), and all these zooplankters seemingly graze the phytoplankton 
to such a degree as to check the growth beyond the balanced level. In the central 
region of the Japan Sea, on the other hand, zooplankters are very scarce and no 
dominant species are found in the early phase of the phytoplankton bloom (Meshche- 
ryakova 1960). After their mass drift to the neritic waters along the west coast of 
Honshu (pp. 81-83 of Part II), the bathypelagic zooplankters mentioned above, now 
advanced to the late larval stages, will actively graze the phytoplankton found there. 
It is true that Coscinodiscus wailesii is much less in the southeastern neritic region 
than in the central region of the sea at the peak of its bloom from March to April 
(Meshcheryakova op. cit. and my own observations in 1957 and other years). 

The other area of the balanced plankton production is seen in the north of the 
Polar Front. As seen in Fig. 16 of Part II, the vegetation of the subtropical phyto¬ 
plankton is limited to the central and southeastern regions of the Japan Sea south of 
the Polar Front. Meanwhile, in the northern and northwestern regions, the true 
“vernal bloom” consisting of arctic to north-boreal phytoplankters takes place much 
later, from April to May, after the period of the annual minimum water temperature 
(pp. 84-86 of Part II). And because of the late start of the bloom, the plankton 
production is seemingly balanced in those northerly waters as in the oceanic region of 
the Bering Sea (Heinrich 1961, 1962). In the neritic area off the southern Maritime 
Province, for instance, it is known that the phytoplankton is very poor from December 
through February and includes only the so-called knephoplankton composed of 
Halosphaera viridis and the diatoms of the genera Coscinodiscus and Denlicula, and 
that the increase of phytoplankton biomass and the change of plankton components 
to the chaeto- and sira-planktons consisting of Chaetoceros debilis, C. ailanticus, C. 
subsecundus , Corethron hystrix, Thalassiosira nordenskioeldii, etc. start in the middle of 
March and the biomass attains the peak in April to May (Gail 1936). Meshche¬ 
ryakova (1960) also states that the phytoplankton biomass is never increased till 
middle April in the northwestern offshore waters of the Japan Sea. It is supposed 
that in these regions the winter thickness of the upper mixed layer is very large, 
attaining 2000-3000 m at the maximum (p. 103 of this paper), and exceeds by 
far the critical depth, though the latter is seemingly somewhat greater there than 
in the central and southeastern regions of the sea in spite of the higher latitudes 
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(38°-50° N. Lat.), because much a greater water transparency (Nishida 1955) and 
much a finer weather (Kawasaki 1956) prevail throughout the winter months; thus, 
there is no possibility of the phytoplankton growth to take place in this season. It 
will not be until the middle of March or so that any stratification is formed at a level 
much shallower than the critical depth on account of the thawing sea ice and permits 
the phytoplankton to propagate and accumulate in the upper mixed layer (Fig. 45 b). 
The growth of phytoplankters will then be much accelerated by the marked intensifica¬ 
tion of stratification from April to May due to the development of the surface water 
of higher temperature and lower salinity (p. 94 of this paper). According to 
Nakai (1942b) and Meshcheryakova (1960), the population of the most important 
herbivorous zooplankter Calanus plumchrus in the northwestern region of the Japan 
Sea attains its full thriving in May to June in a fairly well co-ordination with the 
vegetative cycle of phytoplankton, and thus the plankton pruduction is supposed to be 
rather well balanced there. 

However, there is seemingly an exception in the region north of the Polar Front. 
According to Gail (1936), the above-mentioned vernal bloom consisting of chaeto- and 
sira-planktons in the northwestern Japan Sea is most prominent in a thin superficial 
layer in the narrow coastal zone. The oceanic species Calanus plumchrus which may 
consume intensively the blooming phytoplantkon is not found in that narrow coastal 
zone during the period in consideration. Instead of C. plumchrus, the adult population 
of Calanus glacialis that has survived the winter there will graze the phytoplankton, 
but the population seems in all likelihood too small to affect the bloom significantly. 
Thus, the plankton production in the narrow coastal zone is inevitably unbalanced 
(Heinrich 1961, 1962). It is needless, however, to mention that the vernal bloom 
has a decisive influence on the successful outburst of young populations of C. glacialis 
characteristic to the northwestern coastal zone of the sea during the season from 
late summer to autumn (Kun 1949; and p. 87 of Part II). 

In the region off the west coast of Hokkaido, the situation is intermediate 
between the central-southeastern and northwestern regions. There, a phytoplankton 
propagation dominated by subtropical species takes place from winter through early 
spring when the region is in the period of the annual minimum water temperature; 
this is then succeeded by the vernal bloom consisting of Chaetoceros- dominant arctic- 
north boreal phytoplankton (foot-note 4 on p. 86 of Part II). The phytoplankton 
biomass is thus maintained at high levels for a much longer period. A similar 
situation may hold for the southwestern region of the Japan Sea off the east coast of 
Korea; Meshcheryakova (1960) states that the vegetation period of phytoplankton 
is much prolonged there. In these regions, the plankton production may be 
moderately balanced. 

To sum up, the central-southeastern region of the Japan Sea in general is charac¬ 
terized by an earlier start of the phytoplankton propagation which is qualitatively 
the “autumnal bloom” and not followed by any prominent “vernal bloom”, hence by 
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the unbalanced plankton production, although the production is somewhat balanced 
in the neritic zone where some herbivorous zooplankters thrive in the early phase of the 
bloom prior to the mass appearances of Calanus plumchrus and other large-sized bathy- 
pelagic herbivores. In the northern-northwestern region, on the other hand, a 
well balanced production is generally maintained beacuse of the later start of the 
“vernal bloom,” although the production is somewhat unbalanced in the neritic 
zone where no large populations of any bathypelagic herbivorous zooplankters are 
found. In the intermediate region between the above-mentioned two, the produc¬ 
tion is somewhat unbalanced in the earlier (“autumnal”) phase but balanced in the 
later (“vernal”) phase of the bloom and as a whole seemingly moderately balanced. 

The appearance of only the “autumnal bloom” consisting of subtropical 
phytoplankters and never followed by the “vernal bloom” consisting of arctic-north 
boreal species in the central-southeastern region of the Japan Sea is due first to the 
climatic condition of this region that the area, situated south of the Polar Front and 
occupied by the warm Upper Water mass, is still affected by a subtropical or warm- 
temperatue climate even in midwinter. Under such a condition, the subtropical 
phytoplankters will be able to propageate if some nutrients are supplied, while the 
growth of arctic-north boreal phytoplankters will naturally be suppressed. It is also 
possible that the remarkable propagation of the subtropical phytoplankton depletes 
almost completely the nutrients necessary for the growth of arctic to north boreal 
phytoplankters, which would otherwise be expected to follow it. 

5.2. Biological Seasons and Bioclimatic Regions 

As stated above (pp. 107-108), the biological summer in the central and south¬ 
eastern regions of the Japan Sea is considered to continue till January and then suc¬ 
ceeded by the biological autumn characterized by the prominent “autumnal bloom” 
for the period from February to March. There, the biological winter is hardly 
recognizable, because the“autumnal bloom” of subtropical phytoplankton is succe¬ 
eded immediately by the mass appearance and rapid growth of the larval bathypelagic 
zooplankton which are said in the more northerly waters like the Bering Sea to follow 
the “vernal bloom” of arctic-north boreal phytoplankton and can be taken as an 
indicator of the biological spring, without any definite interval which might be treated 
as the biological winter characterized among others by the total absence of phytoplank¬ 
ton vegetation (Heinrich 1959). It is suspected that the biological winter is entirely 
lacking within the shallow layers of the Japan Sea south of the Polar Front which 
are occupied by the Upper Water throughout winter months, and that the above- 
mentioned mass appearance of the larval bathypelagic zooplankton there is a result 
of “diffusion” of the biological winter phenomena occurring in the more northerly 
waters or deeper layers of the sea. Heinrich (op. cit.) reckons the reproductions of 
Calanus plumchrus and C. cristatus as other characteristic phenomena of the biological 
winter; and in fact, the reproductions of these copepods take place limitedly to 
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deep layers only in this marginal sea, at least in its southeastern region (pp. 82-83 of 
Part II). Thus, the biological seasons deviate greatly from the meteorological seasons; 
and based on the information given just above and in Section 3.7, the biological calen¬ 
dar in this area is suggestd as: SUMMER (August to January )—AUTUMN (Febru¬ 
ary to March )—SPRING (April to July). 

The hydrological calendar, on the other hand, may be presumed for this area as: 
SUMMER (July to October )—AUTUMN & WINTER (November to March)— 
SPRING (April to June). For such a hydrological calendar shown here, the seasonal 
variations of the warm current and the thermal stratification in the regions are 
directly responsible. It seems moreover that the autumn and winter in the hydro- 
logical calendar cannot distinctly be separated from but are rather continuously 
merged in each other. As a rule, the biological seasons go after the hydrological 
seasons: the biological summer starts a month later and ends three months later; 
therefore, the biological autumn begins three months later and is much shortened; 
the winter state is eliminated and the spring lasts a month longer. 

The meteorological seasons are generally conceived as follows for the Japanese 
and its adjacent areas (Arakawa 1948; Takahashi 1951; etc.): SUMMER (June 
to August )—AUTUMN (September to October )—WINTER (November to March)— 
SPRING (April to May). It is thus evident that a similar relationship exists between 
the meteorological seasons and the hydrological seasons to that between the latter 
and the biological seasons, except that the meteorological winter is very conspicuous 
and lasts for much a longer period. As compared with the meteorological seasons, 
the biological summer in the central and southeastern Japan Sea south of the Polar 
Front is much delayed and much prolonged, the autumn is much delayed but lasts for 
nearly the same span, the winter is inconspicuous or rather hardly discernible, and 
the spring begins at the same time but lasts much longer. 

No doubt such a difference between the biological and meteorological seasons is 
due to the prevailing of the warm Tsushima current in the central and southeastern 
regions of the Japan Sea and its physical natures such as: (1) the peak of the influx 
is attained about a month later than the annual maximum of the atmospheric tem¬ 
perature (Fig. 39); (2) it takes about a month or more for the surface and core water 
masses of the warm current carrying tropical-subtropical populations to spread widely 
over the central and southeastern regions of the sea; (3) on account of a large heat 
capacity, the warm water masses sustain the high temperature condition of the regions 
for a period long enough to make warm-water populations thrive continuously and 
survive the meteorological winter. All these are integrated to bring about the above- 
mentioned time lag and difference in duration. 

Meanwhile, the fact that the biological, hydrological and meteorological springs 
start almost synchronously seems to show that the rise of the surface temperature and 
the northwestward spread of the Upper Water (pp. 88-89 of this paper) are brought 
about directly by the meteorological factors in situ, namely, the increase of local insola- 
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tion and the receding of the northwest monsoon, but not by any extraneous factors 
working indirectly with a certain time lag. 

In the northwestern region off the continent, on the other hand, any significant 
differences are hardly seen between the biological, hydrological and meteorological 



Fig. 46. Bioclimatic division of the Japan Sea. 

A —Subtropic Region, where the biological seasons go after the 
meteorological seasons with a prominent time lag, no biological 
winter recognized and the plankton production is generally 
unbalanced; B —Subarctic Region, where the biological seasons 
with a moderate time lag and the plankton production 
moderately balanced; C —Arctic Region, where the biological 
seasons conform to the meteorological seasons and the plank¬ 
ton production is generally balanced. 


seasons; for example, Meshcheryakova (1960, pp. 138-139) defined the biological 
seasons in the northerly waters as: SUMMER (late May or early June to August)— 
AUTUMN (September to early November )—WINTER (late November to March 
or early April )—SPRING (late March or late April to May). This conformity is 
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evidently due to the absence of any powerful influx of water bringing plus or minus 
energy into this region, where the hydrological and biological processes are then 
primarily governed by the meteorological factors in situ. 

As to the intermediate region between the southeastern and northwestern regions 
of the Japan Sea, the biological calendar may very likely be of an intermediate 
character between those of the latter two regions, as expected from the discussions 
made already in the preceding section. 

As a conclusion of this section, Fig. 46 is presented to show the division of the 
Japan Sea into three regions from the view-points of the biological seasons and the 
plankton production. Evidently, these regions conform completely to the winter 
distribution of principal water masses in the sea (Fig. 36<z); Region A corresponds to 
the region of the Upper Water, Region B to the region of the Southern Lower Water, 
and Region C to the region of the Northern Lower Water. In view of their climato¬ 
logical aspects, these regions may be called respectively the Subtropic , Subarctic and 
Arctic Regions following the terminology of Tully (1964) 8 >. 

5.3. Fate of Immigrant Southern and Northern Populations 

As shown already (Fig. 39), the warm Tsushima current flows vigorously into the 
Japan Sea during the summer season, particularly from August to October. Together 
with the superficial water of this warm current are transported many tropical and 
subtropical organisms into this marginal sea. They are either larvae and adults of 
pelagic animals or pelagic larvae of some demersal animals mainly thriving in the 
southern East China Sea and the Philippine Sea. During the trip through the central 
and northeastern regions of the East China Sea, these animals have to be affected more 
or less by the lowering of salinity in the ambient water, especially strongly in the 
western area receiving a large amount of river water from the continent. Thus, the 
animals intolerable to any degree of salinity lowering will fall before they reach 
the Japan Sea (cf. Section 3.4), while those which are tolerable to moderate salinity 
drop can enter the sea only through the eastern channel of the Tsushima Straits which 
is washed by moderately diluted water throughout the depths (Miyazaki & Abe 1960), 
and those which are tolerable to a considerable degree of dilution enter the sea through 
both the western and eastern channels of the straits, and especially those passed 
through the western channel can be transported by the offshore branch of the warm 
current to considerably high latitudes in the Japan Sea. 

These animals carried into the Japan Sea can grow and even propagate there 
during the warm season of the year, if the life span is short as in many tropical plankton 
animals. The pelagic larvae of demersal animals may be metamorphosed into 
juveniles and settle down to some suitable grounds for further growth. Such are the 


8) No Tropic Region is definable distinctly within the Japan Sea, although some patches of the water 
mass of different sizes which is reminiscent of the Tropic water are met with temporarily with in 
the southeast portion of the Superficial Water in summer. 
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situations till the beginning of the meteorological winter season. 

There are, on the other hand, ample evidences suggesting that the majority of the 
tropical and subtropical populations carried into this marginal sea are perished with¬ 
out completing their life history there. Some prominent examples are as follows. 

The porcupinefish Diodon holacanthus (pp. 53-54 of Part I). It is a very remark¬ 
able phenomenon observed frequently in winter along the Japan Sea coasts of middle 
to west Honshu and northwest Kyushu that an enormous number of young porcu¬ 
pinefish are drifted ashore and eventually to be perished. These populations are 
supposed to have been originated in the coastal areas of Luzon, Formosa, the 
Yayeyama Islands and vicinities and the pelagic young have been carried in large 
numbers into the Japan Sea by the warm current (Nishimura 1960a, 1961b, 1965). 
Probably most of the populations carried into this marginal sea are perished in this 
way. 

The puffer Boesemanichthys firmamentum. In winter 1964-1965, a large number of 
this subtropical fish were stranded on the entire coast of San’in District west of 
Wakasa Bay and on the northwestern coast of Kyushu, with the density, for instance, 
2000 individuals per 100 m of coast line per day in northwest Kyushu (Kobayashi & 
Miida 1966). They were all young individuals, 17-20 cm in total length, possibly 
of the same year class. Supposedly the populations entered the Japan Sea in the 
preceding autumn at the peak of the warm current and then were drifted ashore by 
the strong northwest monsoon (Kobayashi & Miida op. cit.). A similar phenomenon 
was also recorded from Wakasa Bay and its vicinity in winter 1954-1955 (Matsubara 
1955). 

The triggerfish Canthidermis rotundatus (Tanaka 1915; Tokuhisa 1915). In early 
winter 1915, an enormous number of this balistid fish were washed ashore on the 
coasts of northern Honshu from Noto Peninsula to Akita Prefecture so that the 
inhabitants of the districts could pick up the stranded fish up to 300 per person at a 
time. Similar phenomena of a smaller scale were recorded in some past years, too. 
This triggerfish is quite unique among the balistid fishes in that it spends an epipelagic 
life associated with the floating Sargassum (Okuno et al. 1967). It seems that the 
populations of this fish are transported from the southern waters by warm currents. 

Tropical sea turtles (pp. 54-55 of Part I; also, Nishimura & Yasuda 1967, 
Nishimura 1968c). Judging from the frequency of observations, the wanderings of 
tropical sea turtles, especially the leatherback Dermochelys coriacea and the hawksbill 
Eretmochelys imbricata, into the Japan Sea are considered by no means rare; but they 
are mostly found stranded on the coasts of Honshu Island after the stormy weather in 
winter, dead or nearly exhausted. They are evidently originated in the southern 
East China Sea or the South China Sea, and most of the populations having entered 
the Japan Sea are to be perished. It is known foi the hawksbill turtle at least that the 
individuals which wander about such a long distance are without exception young 
animals. The loggerhead turtle Caretta caretta is not concerned here, since it is a warm- 
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temperate neritic species (Nishimura 1967), and no prominent winter stranding is 
known about this animal. 

Sea snakes, especially Pelamis ( =Pelamydrus) platurus (p. 55 of Part I). Several 
species of sea snakes are caught in the Japan Sea; their occurrence pattern is just 
the same as that of the tropical sea turtles mentioned above. The commonest is 
Pelamis platurus, the species believed most well adapted to the pelagic life, and this is 
stranded not infrequently on the coast of San’in District of west Honshu in particular. 
Although their exact natal place is not known, it is beyond doubt that they are 
originally the inhabitants of the tropical waters from where they are dispersed and the 
populations seen in the Japan Sea are all to be perished by late winter. 

Tropical and subtropical pelagic cephalopods (Nishimura 1966, 1968a, 1968b). 
Of these, Thysanoteuthis rhombus and Argonauta argo are best known of their occurrence 
pattern in the Japan Sea. Supposedly they are driven into this sea by the warm 
current, then mostly drifted to the coasts of the Japanese Islands in winter eventually 
to be perished. 

Giant rhizostomaean medusa Stomolophus nomurai. As mentioned already (p. 63 
of Part I), a great number of this subtropical medusa are carried into the Japan Sea 
from time to time. Its natal place is supposed generally to be around the southern 
and southwestern coasts of Korean Peninsula (Nishimura 1959a, 1961a). There 
are some evidences suggesting that most of the medusae brought into the Japan Sea 
are eventually perished, partly by sinking down into the deeper cold water and partly 
by being washed ashore by winter storms. In the later stages of the 1958 outbreak, 
a large amount of the medusae, mostly dead and partly-disintegrated, was frequently 
caught in trawl net off almost the entire west coasts of Honshu and Hokkaido; the 
amount was often so large that the fishermen felt difficulties in lifling net and frequently 
had to discard the net (Nishimura 1959a). The stranding of the medusae was also 
prominent; according to my own observations made at a small stretch of coast near 
Niigata, middle Honshu, the stranding was note d almost every day while the northwest 
monsoon was prevailing from middle October 1958 to January 1959 and at the peak 
of stranding in early January in a scale of up to 100 medusae being counted on about 
300 m long beach. 

Although the examples cited above seem mostly to be concerned with more or 
less conspicuous happenings so that one might regard them as abnormal phenomena. 
Actually, however, the similar phenomena occur almost every winter though in a 
smaller scale. As seen in the above examples, the decisive cause of the mass destruc¬ 
tion of those tropical and subtropical populations is the drift toward the inshore waters 
by the northwest monsoon, eventually followed by the stranding, although the 
influence of low temperature of the inshore water may be fatal, too, in some occasions. 
The low temperature seems, however, to be more effective to the coastal and offshore 
demersal populations than to the pelagic populations. The destructive sharp drop 
of water temperature will be brought about either by the chilling in situ or by the 
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rapid upwelling of cold deep water. A mass mortality ascribed to the water tem¬ 
perature drop by local chilling was recorded in winter 1963 in a wide range of western 
Japan including the west region of San’in District (Kond6 1963). It was of a quite 
big scale, and the organisms killed by the cold included the tropical-subtropical littoral 
fishes such as Stephanolepis cirrhifer and Siganus fuscescens, followc d by Callyodon ovifrons , 
Kyphosus lembus, Lethrinus haematopterus, etc. No doubt, similar mass mortalities of 
warm-water littoral animals have occurred repeatedly in the past. As to the mass 
mortalities due to the rapid upwelling of cold deep water, Ito (1961) refers to several 
instances observed on the coast of middle Honshu involving such subtropical or 
warm-temperate neritic fishes as Trachurus japonicus and Pneumatophorus japonicus. 

It seems also very likely that much more numerous smaller or inconspicuous 
animals else than the above-mentioned ones are destroyed by either the winter 
monsoon or the low water temperature. Tabeta & Tsukahara (1967) report that 
together with large numbers of the puffer Boesemanichthys firmamentum (see above), 
very many smaller fishes and invertebrates were found stranded after stormy 
weather on the beach near Fukuoka, northwest Kyushu, in the winter of 1965; they 
were young gadoid fish Bregmaceros, leptocephalus larvae of Apodes, the anchovy 
Engraulis japonicus, larval flatfishes, the sand-lance Ammodytes personatus, the crabs 
Eriocheir japonicus, Myra fugax, Leucosia longifrons, the shrimps Metapenaeopsis spp., 
Chlorotocus sp., lophogastrid mysids, the amphipod Oxycephalus sp., loligid cephalopod 
larvae, the chaetognaths Sagitta spp., etc. There are similar observations in my own 
experience on the beach near Niigata, middle Honshu (Nishimura, unpublished data). 
In addition to the porcupinefish, rhizostomaean medusa, Thysanoteuthis and Argonauta 
mentioned above, the following animals were not infrequently found stranded 
after the northwest monsoon: the trumpetfish Fistularia petimba, the triggerfish 
Stephanolepis cirrhifer, young fishes of the family Apogonidae, portunid swimming 
crabs (very often), some cuttlefishes of the genus Sepia s. lato (very often; mostly 
cuttlebones only, but sometimes with mantle), fresh molluscan shells such as Neverita 
didyma, Scapharca subcrenata, Mytilus sp. aff. galloprovincialis, Merethrix lamarckii, 
Gomphina veneriformis, etc. The majority of these animals are tropical to warm-tem¬ 
perate species, and such destructive strandings occur almost every winter in different 
scales. 

Although it is not ascertained by direct observations, many other southern 
elements in the Japan Sea are supposedly unable to survive the winter there. Suzuki 
(1966) mentions that some tropical fishes such as Pomacentrus coelestis, Abudefduf vaigiensis, 
Microcardhus strigatus and Prionurus microlepidotus arc frequently or occasionally observed 
around Tsukumo Bay of Noto Peninsula, middle Honshu, in the period from August to 
October when the warm current is strongest, but all of them are young and no adults 
are included. He suspects that these young are to be killed by cold in the winter. 
The same is true about the rockfish Girella punctata in Mutsu Bay at the northern tip 
of Honshu (Okuno 1965). It is stated that only the young of this fish are found in 
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the bay and they are seemingly brought there by a larval drift from the southern waters 
and all to be killed by winter cold within the bay. According to him, the winter 
water temperature (5—6°C) in Mutsu Bay is close to the lethal limit of this rockfish. 
Further according to Ueno (1966), the young of this fish are also caught from the 
surrounding waters of Hokkaido, e.g. near Hakodate on the southern coast and off the 
mouth of River Ishikari on the western coast, though no adults are recorded at any 
place in Hokkaido. This rockfish has a prominent pelagic larval phase, and its young 
is one of the commonest larval fishes collected by surface plankton tow in the waters 
off west Kyushu and south to middle Honshu (Uchida & Dotsu 1958). In view of 
all these, Okuno’s {op. cit.) supposition on the origin and fate of this fish in the 
northern Japan Sea is very admissible. 

B 

A similar process can be suggested as to the subtropical mesopelagic animals 
such as the lampridiform fishes Regalecus russellii and Trachipterus ishikawai , the ocean 
sunfishes Mola mola and Masturus lanceolatus (pp. 68—71 of Part I), which are carried 
into the Japan Sea by the core water of the warm current. It is to be noted that so 
many Trachipterus ishikawai have been caught in Ryotsu Bay of Sado Island (Fig. 11 
of Part I); they are considered to have invaded the sea through the Tsushima Straits 
in the warm season, then be brought up to the shallower layers by winter convection, 
driven to the west coast of Honshu and its adjacent islands, ard eventually stranded 
or caught in set net (pp. 96-97 of this paper). Thus, the bulk of the individuals 
carried into this marginal sea are supposedly perished. 

Such a disastrous migration is further presumable as to the abyssal and abys- 
sopelagic populations that ever penetrate into the Japan Sea from the Pacific deep. 
As mentioned already (pp. 344-346 of Part IV), the macrourid fish Coelorhynchus 
multispinulosus and the lanternfishes Diaphus coeruleus and Notoscopelus elongatus caught 
off the western San’in District, respectively represented by a few individuals, are 
considered to have been transported there from the East China Sea during their larval 
or nocturnal epipelagic phase. The fishes, sinking down to the well-developed 
continental shelf off the western San’in District (Fig. 44), can live and grow, and 
occasionally even reproduce there, since the bottom water covering the shelf of this 
region is warm enough even in midwinter (Fig. 35 b) to permit these subtropical 
species to do so. However, it is seemingly very difficult or quite impossible at all that 
these fishes or their progenies survive in the more northerly regions where the 
continental shelf is generally much narrower and thus the deep cold water comes very 
near the coast; the fishes having finished their epipelagic phase and descending to the 
deeper layers will inevitably meet this cold water mass which will check them for 
further living. 

Summing up all these informations, it is concluded that the Japan Sea is acting 
as a dead end in the propagative migration from their natal places in the southern 
waters for the majority of the tropical and subtropical populations invading there, 
by perishing them either through the winter stranding caused by the northwest 
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monsoon for the epi- and mesopelagic populations, through the winter low temperature 
for the demersal populations on the shelf and the neritic populations, or through the 
contact with the cold deep water of the basin for the abyssal and abyssopelagic 
populations. The propagative migrations made by those populations into the Japan 
Sea are thus abortive in most cases (Fig. 47). 

As to the arctic and subarctic populations, on the other hand, their migrations 



Fig. 47. Schematic illustrations of processes to the disastrous end of the tropical-subtropical popula¬ 
tions invading the Japan Sea. Above for the epi-mesopelagic and neritic populations and the 
demersal populations on the shelf, and below for the abyssal and abyssopelagic populations. 

Above: the populations that have entered the sea through the Tsushima Straits (1) are trans¬ 
ported north by the warm current, but upon the beginning of the northwest monsoon, will be 
exposed to its influence. The mesopelagic populations are brought up to the surface by convection 
caused by the surface chilling (2) and, together with the epipelagic populations, are driven south 
toward the coasts of Japan (3). A part of such populations and those neritic or demersal on 
the shelf which have been carried into the coastal zone along the east coast of the sea will be 
enfeebled to death by rapidly lowering temperature of the coastal water (4), some by stranding on 
account of the monsoon gale (5), and some others by a contact with the upwelled deep water 
which is cold enouth to be fatal to them (6). 

Below: the populations that have entered the Japan Sea through the Tsushima Straits in the 
larval or nocturnal pelagic phase (1) are transported far north by the warm current, descend to 
deeper levels upon the close of their pelagic phase and there will be killed by the low temperature 
of the deep water (2), although a small part will settle on the shelf floor off San’in District and 
survive (3). The offspring of such surviving population will be then transported further north 
during their pelagic phase (4) and eventually be killed by the low temperature of the deep water 
occupying the major portion of the basin into which they may descend sooner or later (5). 
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within the sea end very differently. Many northern populations, some holopelagic 
and others in larval pelagic stages, are driven south to the southeastern region of the 
Japan Sea by the prevailing drift current during the period from winter to early spring 
(Section 3.6 and pp. 81-82, 86, 90 of Part II). Approaching to the coast of the 
Japanese Islands or on the beginning of the temperature rise of the surface water in 
late spring, most of these populations descend to the deeper layers, 200 m or more, 
which are permanently occupied by the cold Lower Water masses (pp. 70 & 73 of this 
paper) and thus afford them a suitable environment for further living. Some of them 
may submerge at the Polar Front under the warm Upper Water mass, and eventually 
be brought back to the northerly region by the mid-depth return currents (X 2 and 
X 3 in Fig. 37 a). These are the processes of the migrations presumably followed by 



Sea. 


The populations coming up to the surface during their pelagic phase in winter are drifted 
south by the prevailing monsoon (1). A part of them descnd at the Polar Front (p.f.) below the 
upper warm water (2), while the rest are driven further south through the upper warm water (3) 
and then will descend to the cold deep water at the close of their pelagic phase or on the start of 
temperature rise in the coastal area (4), though a small part will be cast ashore by the monsoon 
(5). The populations having descended into the cold deep water may survive there or may event¬ 
ually be brought back to their natal places in the northwestern region of the sea by the northerly 
return currents at lower levels (6; X 2 and X 3 in Fig. 37a). 

the cold-water bathy- or abyssopelagic animals during the period from winter to early 
summer (pp. 86-87 of this paper). Meanwhile, the bottom populations of the taraba 
community I off the west coast of middle Honshu are very probably recruited, 
partly at least, by the pelagic larvae from the northern waters in winter, which later 
settle down on the deep ground of the region to live there as adults (foot-note 5 on p. 
338 of Part IV). The abundant occurrences of pelagic young of the Atka mackerel 
Pleurogrammus azonus in the surface layer off middle Honshu during the period from 
winter to early spring (pp. 74-77 of Part I) seem to show in a very clear-cut fashion 
the mechanism of recruitment suggested above as regards the origin of the populations 
of the taraba community I in that region. The supposed processes of the propagative 
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migrations of the arctic-subarctic populations within the Japan Sea are schematically 
presented in Fig. 48, which is seemingly enough to show that the migrations are 
successful in most cases. 

On the whole, it may be concluded that the Japan Sea is merely a temporal 
habitat to spend certain stages of the life history or a quite peripheral habitat for 
most of the tropical-subtropical populations, while it is a permanent habitat very 
favorable to most of the arctic-subarctic populations, especially to the eurybathyal 
or deep-water ones, throughout their life span. 

6. The Japan Sea as the Natural Environment of 
Animal Populations 

Next are given the most important distributional features and prominent 
faunistic characteristics of animal communities in the Japan Sea: 

(1) Bioclimatic characteristics of respective animal communities of a wide 
variety are manifested very clearly. Tropical to arctic animal populations are 
distributed in the sea, some temporarily and others permanently, according to their 
bioclimatic characteristics. Generally speaking, the tropical-subtropical populations 
occupy the upper thin layer of the sea, while the arctic-subarctic populations occupy 
the lower incomparably big space; and the boundary between these two spaces is 
marked very distinctly. 

(2) Seasonal succession is very marked. Distinct seasonal peculiarities are 
presented in the distribution pattern of respective animal communities. In summer, 
tropical-subtropical populations invade the sea and spread northward in the upper 
layer over an extensive area, especially some of the tropical surface populations inclu¬ 
ding many neritic elements thrive remarkably even in the northernmost region of the 
sea. In winter, arctic-subarctic populations having risen to the surface layer are 
drifted south in large numbers to the southern coasts of the sea, together with or after 
the tropical-subtropical populations which are retreating from the north. 

(3) As compared with the widely spread tropical surface populations mentioned 
above, the subtropical to warm-temperate mid-water populations are mostly confined 
to the southeastern half of the sea. The northern limit of their distribution is rather 
sharply defined. 

(4) A larger part of the tropical-subtropical populations, especially both the 
tropical surface and neritic elements, are temporal inhabitants of the Japan Sea. while 
the arctic-subarctic pupulations are permanent inhabitants. The former having 
invaded the sea in summer are mostly perished in winter by stranding or the low water 
temporature, while the latter having drifted south in winter deep into the southeastern 
region of the sea descend to the lower cold layer and survive the following summer. 

(5) In the northwestern region of the sea, the meteorological and biological 
seasons conform to each other. In the southeastern region, however, the biological 



Zoo geo graphical Aspects of the Japan Sea Part V 


121 


seasons follow the meteorological seasons with a remarkable time lag due to the delay 
and prolongation of the biological summer and autumn, which in turn bring about 
there an unbalanced plankton production. 

(6) The animal communities in the deep waters of the Japan Sea are markedly 
different from those in the Pacific deep. They are composed entirely of the arctic 
cold-water elements, but never of the ‘ancient 5 tropical-subtropical type characterizing 
the Pacific deep water fauna. The animals of such ‘ancient’ warm-water type ever 
found sparsely in the Japan Sea are limited invariably to rather shallow layers and 
never in genuine deep waters. 

The zoogeographical characteristics of the Japan Sea mentioned above are con¬ 
sidered to be reflecting to a marked degree the following hydrographic characteristics 
of the sea: 

(1) Great seasonal variations of hydrographic condition in the surface layer. 
The summer condition is largely tropical over the greater part of the sea, while in 
winter the condition becomes subtropical to warm-temperate in the southeastern 
region, subarctic in the intermediate region and truly arctic in the northwestern 
region. Such a state is comparable to the ‘continental’ state in meteorology. 

(2) In the period from summer to autumn, the strong warm current with 
a great heat energy enters the sea through the southern straits, flows north through the 
southeastern half of the sea, and most of the volume eventually goes out after a 
month or more through the northeastern straits. The core water of the warm current 
is rather concentrated and strictly confined to the southeastern region of the sea by 
the distinct Polar Front formed along the northwestern margin of the water mass, 
though the surface water of the warm current, much more warmed and diluted than 
the core water, is driven and spread further north to northwest beyond the Polar Front. 

(3) In the period from winter to spring, a strong southerly drift current is gene¬ 
rated by the northwest monsoon over the entire region of the sea and the warm current 
retreats markedly. At the same time, through the development of thermohaline 
convection and freezing of large scales, the subtropical central water (=the Upper 
Water) is formed in the southeastern region, the subarctic intermediate water (= the 
Southern Lower Water) in the intermediate region, and the purely arctic deep to 
bottom water (= the Northern Lower Water) in the northwestern region. Below the 
Upper Water mass, a very marked thermocline is formed and maintained throughout 
the year, separating the upper warmer layer from the lower cold layers permanently. 

(4) The water masses formed by the winter physical processes in the Japan 
Sea considerably differ respectively from the water masses at the corresponding levels 
in the Pacific. Especially, the Upper Water and the Northern Lower Water are 
respectively distinctly colder and less haline than the Pacific central and deep to 
bottom water masses. 

(5) The Northern Lower Water formed in the northwestern region of the sea in 
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late winter will immediately sink down to lower levels eventually to join the bottom 
water maintained within the entire deep basin of the Japan Sea, without flowing out 
of the sea nor being mingled with the deep or bottom water of the adjoining seas. 

In conclusion, the hydrographic characteristics mentioned above are to be 
ascribed to the geographical position and topography of the Japan Sea that is a deep 
marginal sea located in middle latitudes on the eastern border of a large continent and 
connected with the ocean through southern and northeastern straits each, however, 
completely obstructing the water exchange at deeper levels by a shallow sill. 
Unless under such a geographical situation, the Japan Sea would not be given any 
significant effects of the continental and monsoonal climate as well as of the 
intensified warm ocean current in the western North Pacific, neither can it sustain 
a unique independent deep environment, and hence any prominent zoogeographical 
aspects mentioned so-far in this series of papers would not be manifested. 

7. Summary 

The present series of papers is prepared to show the structural and dynamic 
aspects of the animal distribution in the Japan Sea from an ecological view-point on 
all kinds of data and information available. Particular attention has been paid to 
elucidate the relationships between the distributional patterns of animal populations 
and their environments and the mechanisms bringing about such characteristic 
distributional patterns of animals in this sea. 

In Chapter 2 is made a short historical review of previous works on the zoogeogra¬ 
phy of the Japan Sea in a broad sense. Most of the previous works treated merely 
faunistic studies and only a few works were concerned with zoogeographical problems 
in the strict sense. Even those zoogeographical studies were imperfect, however, 
because the structural and dynamic aspects of the animal distribution were not 
discussed adequately in relation to the dynamic hydrological processes in the sea. 

In Chapter 3, peculiarities in the distributional aspects of animal populations 
in the Japan Sea are described to make clear the most important points in the zoogeo¬ 
graphical characteristics of the sea and to find out clues for the mechanisms bringing 
about such characteristics. The peculiarities discussed are: 

1. Distribution patterns of northern and southern elements. 

2. Occurrences of southern elements on the Japan Sea coasts of middle to 
west Honshu Island in winter. 

3. Occurrences of neritic populations in the offshore region. 

4. Scarcity of stenohaline epipelagic populations. 

5. Frequent occurrences of some mesopelagic populations. 

6. Southward dispersal of surface-living populations of the northern coastal 
origin in winter. 

7. Seasonal cycles in production and distribution pattern of plankton. 
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8. Migrations of the temperate and subtropical nektonic populations. 

9. Vertical segregation of northern and southern elements. 

10. Faunal zonation on the sea bottom; discrimination of“okaba” and “taraba” 
communities. 

11. Horizontal and vertical ranges of respective bottom communities. 

12. Characteristics of the deep water communities. 

In Chapter 4, the zoogeographical peculiarities described in the preceding chapter 
are discussed in correlation with the hydrological and meteorological phenomena of 
the Japan Sea. A fine conformity has been revealed between the animal communities 
discriminated and the water masses defined in the sea. The conformity is so 
exact that the hydrological phenomena are inferable from the distribution and 
movement of the animal populations; this relationship was then applied frequently 
to make clear certain hydrological phenomena and their implications. 

Seasonal changes in the zoogeographical peculiarities are explained in relation 
with the hydrological and meteorological features of the Japan Sea. The most 
significant factors controlling the distribution of animal populations in this sea are the 
strong influx from summer to autumn of the warm Tsushima current consisting of 
tropical-subtropical, partly oceanic and partly strongly neritic water masses from 
the south on one hand, and the winter thermohaline convection and southward 
drift current induced by the cold and dry northwest monsoon on the other hand. 
From the view-point of the animal distribution, the circulation pattern of the surface 
water is supposed to differ markedly between summer-autumn and winter seasons. 
In spring, the warmer Upper Water mass seems to spread northward very rapidly. 
And in midsummer, the entire region of the Japan Sea is covered by a thin, warmed 
and much diluted layer of the Superficial Water, thus a remarkable propagation of 
neritic populations takes place even in the central offshore region of the sea. It is 
mentioned in detail how the movements and transformations of water masses affect 
the distribution pattern and its variations of animal populations in the Japan Sea. 

In Chapter 5, the biological production and biological seasons in the Japan Sea 
are discussed. The plankton production is decidedly unbalanced in the southeast¬ 
ern region of the sea; this is because the biological summer and autumn both start 
in retard and are prolonged markedly there, and such a time lag is attributable to 
the effect of the warm Tsushima current. In the northwestern region, on the other 
hand, the biological seasons roughly conform to the meteorological seasons and the 
plankton production is balanced. The fate of the southern populations invading the 
Japan Sea and the processes of the propagative migration of northern populations 
within the sea are discussed. The Japan Sea is a dead end of their propagative 
migration for many tropical-subtropical populations that invaded the sea, while it 
is a permanent favorable habitat for most of the arctic-subarctic populations, espe¬ 
cially the eurybathyal or deep-water animals. 

In Chapter 6, it is concluded that the zoogeographical features of the Japan Sea 
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discussed so far are reflecting in a high fidelity the prominent hydrological and 
climatological characteristics of the sea, which are then attributable to a marked 
degree to the geographical position and topography of this Far-Eastern marginal sea. 

I heartily beg that what I have here done may be read with 
forbearance; and that my labours in a subject so difficult 
may be examined, not so much with the view to censure, as 
to remedy their defects—S ir I. N. 
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